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FIELD OF THE INVENTION 

The present invention relates to disstereos elective processes for ore oaring optically active as- nucleosides 
and nucleoside analogues and derivatives. The novel orocesses of this invention allow the stereo-controlled 
5 synthesis of a grven enantiomer of a desred c/e-nudeoside or nucleoside analogue or derivative in hign ooocal 
punty. This invention also relates to novel intermediates useful in the processes of this invention. 

BACKGROUND OF THE INVENTION 

10 Nucleosides and their analogues and derivatives are an important daaa of thereoeutic agents. For exam- 
ple, a number of nucleosides have snown antiviral activity against retroviruses such as human immunodefi- 
ciency virus (HIV), hepatitis 8 virus (HSV) and human TJymphotropic virus (HTIV) (PCT publication WO 
89/04662 and European Patent publication 0349242 A2). Among the nucleosides shown to have antiviral ac- 
tivity are 3'-azido-3'-deoxythymidine (AZT), 2'3'-dideoxy-cytidine (DOC). 2-hyo^oxy7nethy*-5-<cytosin.v-yl)- 

15 1,3-oxathioiane and 2-hydroxymethy1-4-(guanin-9'-yt>-1,3-diox6ane (European Patent publication 0382526 
A2 and European Patent publication 0377713 A2). 

Most nucleosides and nucleoside analogues and derivatives contain at least two chiral centers (shown as 
• in formula (A)), and exist in the form of two pairs of optical isomers (i.e., two in the oa-conrlguration and two 
in the trans- configuration). However, generally only the c*a-isomers exhibit useful biological activity. 



Different enantiomenc forms of the same os-nucleoaide may, however, have very different antiviral ectivitise. 
M.M. Mansun et ai.. 'Preparation Of The Geometric Isomers Of DDC OOA, D4C and D4T Aa Potential Anti- 

30 HIV Agents'. Bioorq.Med.Chem, Lett , 1(1), pp. 65-68 (1 991). Therefore, a general and economically attractive 
stereoselective syntnests of the enantiomers of the biologically active de- nucleosides is an important goal. 

Many of the known processes for producing optically active nucleosides and their analogues and deriva- 
tives modify naturally occurring (i.e., optically active) nucleosides by altering the base or by altering the sugar 
via reductive procedures such as deoxygenation or radical initiated reduction a. C.K. Chu et el., "General Sytv 

23 thesis Of 2\3'-Dideoxynudeosidee And ^^'-Oidehydro-^^'-Oideoxynudeoeidea.' J.Orq.Chem.. 54, pp. 
2217-2225 (1989). These tranafbrmaticne involve multiple steps, including protection and deprotection and 
usually result in low yields. Moreover, they begin with end maintain the optical activity of the starting nudeoeide. 
Thus, the nudeosides produced by these processes are limited to specific analogues of the enantiomeric form 
of the naturally occurring nudeoeide. In addition, these procedures require the availability of the naturally oo- 

40 curring nudeoeide, often an expensive starting material. 

Other known processes for producing optically active nudeoaidea rely on conventional giycosylation pro- 
cedure to add the sugar to the baae. These procedurea invariably give anomerte morturea of cie- and tran> 
isomers which require tedious separation and result in lower yieida of the deeired biologically active da-nu- 
deoside. Improved giycosylation methoda designed to yield only the cis-nudeoaide require addition of a X* or 

4$ 3'.aubatituent to the sugar. Because the 2'- or 3'-subetituont ia only useful in controlling cra-nudeoside syn- 
thesis in one configuration (when the 2' or 3' substituent is tnn^ to the 4' substituent). multiple steps are re- 
quired to introduce thia substituent in the proper configuration. The 2'- or 3'-substituent must then be removed 
after giycosylation. requiring additional steps. L Wilson and 0. Liotta, *A General Method For Controlling Ster- 
eochemistry In The Synthesis Of 2'-0eoxyriboee Nudeosides - , Tetrahedron Lett. 31. pp. 1815-1818 (1990). 

so Furthermore, to obtain an optically pure nudeoeide product the starting sugar must be optically pure. This also 
requires a series of time-consuming syntheses and purification steps* 

SUMMARY OF THE INVENTION 

sa The present invention overcomee the difficulties end shortcomings of the prior art and provides processes 
for producing optically active ds-nudeosides (1 ,3-oxathiolanee, 2,4-dtaxolsnes, and 1 ,3-dlthioianee) or nudeo- 
side analogues and derivatives of formula (I) 
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(I) 



wherein 

WtoS. S-O. SO : , orrf 
XtafilSO, SC4,of 0; 
10 &Ja^rja rogy or acyi; and 

^Va pti frfor pynmidine baae or an analogue or derivative thereof. 
The processes of this invention comprise the step of glycosylating a desired purine or pynmidine bass or 
analogue or derivative thereof with an intermediate of formula (He) or (lib) 



wherein R 5 is a substituted carbonyl or cartionyl derivative and L is a leaving group. Glycoayiation is scconv 
planed using a Law* acid of the formula (tit) 



JO 




(III) 



wherein R«, R 7 . and R« are defined below and the resulting intermediate is reduced to give a nucleoside or 
nucleoside analogue or derivative of formula (I). 

The processes of this invention have the advantages of allowing preparation of a nucleoside of formula (I) 
jj (or analogues or derivatives thereof) without using expensive starting materials, cumbersome protection and 
deprotection steps or addition and removal of ?- or 3'-subatituenta. The processes of this invention produce 
nucleosides in high yields, with high purity end high optical specificity. The processes of this invention have 
the further advantage of generating nucleosides whose stereoisomers configuration can be seedy controlled 
simply by the selection of the appropriate starting materials. 

40 

DETAILED DESCRIPTION OF THE INVENTION 

In the processes for preparing optically active compounds of this invention in a oorrflgurationai- and die- 
stereo- selective manner, the following definitions are used: 

45 R 2 is s purine or pynmidine base or an analogue or derivative thereof. 

A purine or pyrimidine base is s purine or pynmidine base found in naturally occurring nudeoaidee. An ana- 
logue thereof is s baae which mimics such naturally occurring baeee in that their structures (the kinds of atome 
and their arrangement) are simflar to the naturally occurring baeee but may either possess additional or lack 
certain of the functional properties of the naturally occurring baeee. Such analoguea include thoee derived by 

50 replacement of a CH moiety by a nitrogen atom, e.g., 5-azapyrtmidlnee such ss 5-azacytoaine) or vice versa 
(e.g., 7-deazapurines, such ss 7*deazaadenine or 7-deazaguanine) or both (e.g., 7-deaza, 8-azapurfres). 3y 
derivatives of such bases or analogues are meant those bases wherein ring subetituents sre either in corpo- 
ra ted, removed, or modified by conventional substituents known in the art t.g.. halogen, hydroxy!, amino, 
Ci^ alkyl. Such purine or pynmidine bases, analogues and dertvstives are well known to thoee sklled in the 

55 art 

A 'nucleoside analogue or derivative" : s a 1 .3-oxathiolane. 2,4-dioxdane or 1,3-dithWane which haa been 
modified in any of the following or combinations of the following ways: baae modifications, such ss addition of 
a substitusnt (e.g.. 5-fluorocytosine) or replacement of one group by an iaoetorte group (e.g., 7-deexaedenins); 
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sugar modifications, such 83 substitution of the C-2 and C-3 hydroxys g roues by any substituent including hy- 
drogen (e.g., 2'.3'-dideoxynudeosides); alteration of the site of attachment of the sugar to ma base (e.g., pyr- 
imidine baaaa usually attached to fte sugar at the N-1 sita may be. for example, attached at the N-3 or C-8 
site and puiinea uauaity attached at the N-9 site may be* for example, attached at N-7); alteration of she site 
of attachment of the base to the sugar (e.g.. the base may be attached to the sugar at C-2. such as iso-OOA); 
or alteration of configuration of the sugar- base linkage (e.g., as or trans configurations). 

Rj is a caroonyi substituted with hydrogen, hydroxy!, triaJkylsdyl, triaJkysiloxy, C«,jo alky, Cr^o araiky, 
alkoxy. d.* amine (primary, secondary or tertiary), C,^ thiol; C^m ary*; Ci.» alkenyt; C,_ a aikyny; 1,2-dK 
carbony, such as 

0 0 

1 S 

CH 3 -OC- 

substrtuted with alky or C«_» anyhdhdea such as 



0 O 

g j 

CH 3 -C-0-C- 

substituted with C 14# aikyt or C«_» aryl; azomethine substituted at nitrogen with hydrogen, Ci_to aiky' or C,., 0 
aJkoxy or C,_, 0 dlalkylamino or at carbon with hydrogen. C,.» alky, or d_» alkoxy; thiocarbony (C*S) substi- 
tuted with hydroxy*. CV» alkoxy. or Ci.» thioi: a homologue of caroony, e.g.. 

0 
I 

-CCH 2 -; 



a homologue of thiocarbony, e.g., 

S 

I 

-CCH 2 -; 

or a homologue of a zo m e t h lna. such aa 

I 

•CCH 2 -- 

Tha p r a f erred substituted cavtoony/carbony dertvatNas are aikoxycarbonya, such aa mathy, ethy. lao- 
prooy. t-buty and mentfty; carooxyia, dletrrytcarooxamide: pyrroiidlna amide; rnethy ketone and phany ke- 
tone. Tha mora preferred aubatitutad carbonyVcarbony derivattvee are eatara and carboxya and tha moat pre- 
ferred are eatara. ^ 

R4 ia a chtral auxiliary. Tha term 'chirai auxiliary* describee aayrnrnetrfc mdecUee that are used to effect 
the chemicej resolution of a racamic mixture. Such chirai auxilarlaa may poaaeta ona chlraj canter such aa 
methybertzy amine or severai chirai canters such as menthol. Tha purpoaa of tha chirai auxiliary, once built 
into tha starting material, ia to allow simple separation of tha respiting dlaetereomerlc mtefcre. Sea, for example. 
J. Jacques at a*., Enanttomere. Racernataa And Resolutions, pp. 251-369, John Wley & Sona, New York 
(1981). 

R* R« and R7 are independent selected from the group consisting of hydrogen, C,^ alky (e.g., mathy. 
etny. t-buty), optionally substituted by haiogena(F. a. Br. »), CV» alkoxy (e.g., mathoxy) or <V» aryloxy (e.g., 
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phenoxy); Cr, a aralkyt (e.g.. benzyl), ootionaily substituted by halogen, c,.» alkyt or C,. a alkoxy (e.g.. o. ffle . 
thoxybenzyl); C^a, aryl (e.g., phenyl), optionally substituted by naiogens. C.. M aity or C. 20 alkoxy raikvtsilvt* 
halogens (F, CI, 8r, I). y ' 
R* « selected from the group consisting of halogen (F. CI, 3r, I); c,.„ sulphonate esters, ootionaily sub- 
stituted by halogens (e.g.. tnfluoromethane sulphonate); C.. w aikyl esters, optionally substituted by halogen 
(e.g.. srifluoroacetate); polyvalent halides (e.g.. tnioaide); Tisubsatuted silyl groups of the general formula 
(R«)(R«)(RT)Si (wherein R«, R«, and Rr are as defined above); saturated or unsaturated seienenyt aryt- 
substituted or unsubstituted C*_» arylsulfenyt; substituted or unsubstrtutsd C,.» alkoxyalkyl; and tnalkyisiioxy! 

L .s a 'leaving group*, i.e.. an atom or a grouo whicn is dispiaceable upon reaction with an appropnate punne 
or pyrimidine base, with or wtthoutthe presence of a Lewis acid. Suitable leaving groups indude acyloxy groups, 
alkoxy groups, e.g., alkoxy carbonyt groups such as ethoxy carbonyi; halogens such as iodine, bromine, chlor- 
ine, or fluorine; amido; azido; isocyanato; substituted or unsubstituted. saturated or unsaturated thioiates. such 
as thiomethyl or thioonenyl; substituted or unsubstituted. saturated or unsaturated seleno. seleninyl, or sele- 
nonyl compounds, such as phenyl seienide or aikyl seientde. 

A suitable leaving group may also be -OR. where R is a substituted or unsubstituted. saturated or unsatu- 
rated aikyl group, e.g.. aikyl or aikeny! group; a substituted or unsubstituted aliphatic or aromatic acyt group, 
e.g.. a C« aliphatic acyi group sucii as acetyl and a substituted or unsubstituted aromatic acyi group such as 
benzoyl; a substituted or unsubstituted, saturated or unsaturated alkoxy or aryloxy carbonyl group, such as me* 
20 thyi carbonate and phenyl carbonate; substituted or unsubstituted sulphonyl imtdazolide: substituted or unsub- 
stituted aliphatic or aromatic amino carbonyl group, sucn as phenyl carbamate; substituted or unsubstituted 
alky imidiate group such as trichloreacetamidate; substituted or unsubstituted. saturated or unsaturated phca- 
phonate, such as dietnyiphosphonate; substituted or unsubstituted aliphatic or aromatic suiphinyl or sulphonyl 
group, such as tosyiate: or hydrogen. 
25 As used in this application, trie term "aikyl" reoresents a substituted (by a halogen, hydroxy* or C«_» aryt) 
or unsubstituted straight chain, branched chain, or cyclic hydrocarbon moiaty having 1 to 30 carbon atoms and 
preferably, from 1 to 6 carbon atoms. 

The terms "alkenyT and •aikynyt - represent substituted (by a halogan. hydroxy! or C^* aryl) or unsubsti- 
tuted straight branched or cyclic hydrocarbon chains having 1 to 20 carbon atoms and preferably from 1 to 5 
30 carbon atoms and containing at least one unsaturated group (e.g., ally*). 

The term "alkoxy* represents a substituted or unsubstituted alkyt group containing from 1 to 30 carbon 
atoms and preferably from 1 to 6 carbon atoms, wherein the aikyl group ia covalentiy bonded to an adjacent 
element through an oxygen atom (e.g.. methoxy and ethoxy). 

The term "amine' represents alkyt, aryt. alkenyt. aikynyt. or aralkyt groups containing from 1 to 30 carbon 
35 atoms and preferably 1 to 12 carbon atoms, covaiendy bonded to an adjacent element through a nitrogen atom 
(e.g.. pyrrolidine). They indude primary, secondary and tertiary amines and quaternary ammonium salts. 

The term "thiol* represent* alkyt. aryt. aralkyt. alkenyt or aikynyt groupe containing from 1 to 30 carbon 
atoms and preferably from 1 to 6 carbon atoms, covaiendy bonded to an adjacent element through a sulfur atom 
(e.g.. thiomethyt). 

40 The term "aryt" represents a carbocydic moiety which may be) substituted by at least one heteroatom (e.g., 
N. O. or S) and containing at least one benzenoid-type ring and preferably containing from 6 to 1 5 carbon stoma 
(e.g.. phenyl and naphthyt). 

The term "aralkyt* represents an aryt group attached to tha adjacent atom by an alkyt (e.g.. benzyl). 
The term "aikoxyaikyt* represents an alkoxy group attached to the adjacent group by an alkyt group (e.g., 
46 methoxymethyt). 

The term "arytoxy" represents e substituted (by s halogen, trtfluoromethyt or d.| alkoxy) or unsubstituted 
aryt moiety covalentiy bonded through en oxygen atom (e.g., phenoxy). 

The term "acyt" refers to a radical derived from a carboxyiic acid, substituted (by a halogen (F, a, Br, I), 
C«_2o aryt or C t ^ alkyt) or unsubstituted. by reptscement of the -OH group, Like the acid to which it is rotated, 
» an acyt radical may ba aliphatic or aromatic substituted (by s halogan, Ci_« alkoxyalkyl, nitro or O?) or uneub- 
stituted. and whatever the structure of the rest of the molecule may be, the properoee of the functional group 
remain essentially the same (e.g., acetyl, propionyt, isobutanoyt. piveJoyt, hexanoyt, trfUwroacetyt, chtoroaca- 
tyi. and cydohexanoyt). 

A key feature of the process es of this invention is the use of s substituted carbonyl or carbonyl derivative 
55 as Rj instead of a protected hytiroxymetfryt group as ere vtously described Intheert Surprisingly, the substituted 
carbonyt or carbonyl denvatfve is not deaved by exoosure to e Lewie acid, aa would have bean expected by 
one of skill in the art when a Lew* add of formula (ill) s added to a mbtturo of strytated purine or pyrimidine 
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base and the chiral auxiliary- sugar compound obtained in Steo 3. Instead, the substituted carbonyi/caroonyi 
derivative in me intermediate of formula (VI) forces the purine or pyrimidine base (Rj to add in me (^-config- 
uration relative to trie substituted cartoonyl/carbonyl derivative group. Without a substituted camonyi or carbonyl 
derivative attached to C4' (for example, when a hydroxymethyi group is instead used), the coupling procedures 
5 described in Step 4 will result in a mixture of as- and trans-isomers. 

Another key feature of the processes of mo invention is me choice of Lewis acid. The Lewis acids used 
in the preparation of compounds of formula (I) have me general formuia (III) 



10 




wherein R* R«. Rr and R« are as defined previously. These Lewis acids may be generated in situ or prepared 
using any method known in me art (e.g.. A.H. Schmidt ^rornotrimemylailane and todctrimethylsilane- Versatile 
Reagents for Organic Synthesis*. AJdrichimica Acta, u, pp. 31-38 (1981). The preferred Lewie adds of mis 
invention are iodotnmethylsilane and trimethylaiiyt triflat». The preferred R«, R« and Rr groups are methyl or 
20 iodine. The most preferred R* R« and Rr group is methyl. The preferred R« groups are iodine, chlorine, bromine 
or sulphonate esters. The most preferred R« groups are iodine and trifiuorornethane sulphonate. 

In the preferred process of mis invention, illustrated in Schemes 1 and 2, c/> and trarts-iaomers of a sugar 
of formuia (II) 



2$ 




(ID 



are separated by fractional crystallization and me desired conflgurationaJ isomer selected. The selected cjs- 
or me trtne-iaorner may men be resolved chemically, e.g.. using a chiral auxiliary, snzymatteaily, or by other 
methoda known in the art The pure diastereomer is men coupled to a siiylated purine or pyrimidine base in 
me presence of a Lewie acid to afford an optically active nucleoside of cisn»nflguratton which ia subsequently 
J5 reduced to give a nucleoside of formula (I). 

Schemes 1 A and 18 depict this preferred process as applied to any 1.3-oxatfiiotane, 2.4-dioxoJane or 1> 
dithiolane. 



40 
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The various steps as illustrated in Scfiemee 1 A end 1 8 may be briefly deecribed ee tallows: 
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Steo 1: The starting carbonyt- sugar of formula (IV) can oe preoared by any method known in me art. S g 
J.M. Mcintoah et al. f •2-MercaptoaJdehyde Dimers and 2.5-Oihydrotfnophenes from U-oxathiolan-S-ones*' 
Can. J. Chem.. 61. pp. 1372-1875 (1983). The carbonyl group of this starring comoouno s reduced chemose^ 
lectively wittt a suitable reducing agent such as disiamyiborane to give the c/s- and <rans-.somers of formula 
5 (V). Ordinaniy, less c/a-iscmer is produced than trans. 

Steo 2: The hydroxyi group in the intermediate of formula (V) is readily converted to a leaving group by 
any method known :n the art (e.g.. T.W. Greene Protective Groups In Organic Synthesis . op. 50-72. Jonn Wiley 
& Sons. New York (1981)) to give the novel intermediates of formula (II). 

This anomenc mixture is then seoarated by fractional crystallization into tie two conflgu rational isomers. 
10 The solvent may be adjusted to select for either the as- or trsns-isomer. O.J. Pasto and C.R. Jonnson. Organic 
Structure Determination , pp. 7-10. Prentice-Hall, Inc., New Jersey (1969). 

Steo 3: Either the c/s- (Scheme 1 A) or trans- isomer (Scheme 1 8) of formula (II) is chemically resolved using 
a chiral auxiliary (R*). A suitable chiral auxiliary s one of high optical purity and where me mrrror image s readily 
available, such as d- and I -menthol. The resulting diaatereomers of formula (VI) are easriy separated by frac- 
15 tionai crystallization. Alternatively, either the c as- or the traru-isomer may be resolved enzymatically or Dy other 
methods known in the art Jacques et al., Enantiomers, Race mates And Resolutions, pp. 251-369, John Wiley 
& Sons. New York (1981). 

The optical punty of the diastereomer (VI. VII or I) can be determined by chiral HPLC methods, specific 
rotation measurements and NMR techniques. As a general rule, cf the opposite enantiomer is desired, it may 

20 be obtained by using the mirror image of the chiral auxiliary initially employed. For example, d the cnirai auxiliary 
d-menthoi produces a (+)-enantiomer nucleoside, its mirror image, l-menthoi, will produce the (-)-enantiomer. 

Step 4: A previously silyiated (or silylated in situ) purine or pyrimidine base or analogue or derivative thereof 
is then glycosylated with the resulting pure diastereomer in the presence of a Lewis acid of formula (III), such 
as iodotrtmethyisiiane (TMSI) or trimethyisilyl inflate (TMSOTf), to give a nucleoside of ctt-conflguration of ter- 

25 mula (VII). This nucleoside is optically active and is substantially free of the corresponding trans- isomer (I.e., 
it contains less than 20%. preferably no more than 10% and more preferably no more than 5% of the flntne- 
isomer). 

The preferred silyiating agent for pyrimidine bases are t-butyldimethyiailyl inflate 1.1.1.3.3,3 hexamethyt- 
disilazane and on methyls ilyl inflate. It is believed that the bulky t-butyl group incrsaeea yields by weakening 
30 the interaction between the Lewis acid and silylated pyrimidine base. 

The preferred method of mixing reagents in Step 4 is to first add the chiral auxiliary-sugar of formula (VI) 
to the silylated purine or pyrimidine base. The Lewis acid of formula (III) is than added to the mature. 

Step 5: The as- nu decade obtained in Step 4 may then be reduced with an appropriate reducing agent to 
remove the chiral auxiliary and give a specific stereoisomer of formula (I). The abaolut* configuration of this 
35 stereoisomer corresponds to that of the nucleotide intermediate of formula (VII). Aa shown in Scheme 1 , erther 
the c/s- (Scheme 1A) or the trana-isofners (Scheme 18) obtained in Steo 2 wiH yield a c*s end product 

Schemea 2A and 2B ifluatrats) tha application of the process of Schema 1A and 18 to the synthesis of the 
enantiomers of c^2-hydroxymethy4^cytoain- 1 '-yl)- 1 , 3-oxathclanea. Although thie process ia illustrated ua- 
ing specific reagents and starting materials, it will be ap predated by one of skill in the art that suitable anatogoua 
40 reactants and starting materials may be used to prepare anaiogoua compounds. 
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The various steps illustrated in Schemes 2A and 29 may be briefly described as follows: 

Step 1 : A mercaptoacataidenyde monomer, preferably produced from a dimer, such as 2.5-dihyQroxy-i.4- 
ditftiane. in an appropriate sorvent (preferably t-butylmethyl ether) is reacted with glyoxyiic acid to grve exclu- 
sively the Jrans-hydroxy acid of formula (VIII). 
5 Steo 2: The acid of formula (VIII) is reacted with an acid chloride, sucn as acetyl chlonde in the presence 
of oyndine and an acytaticn catalyst, such as 4-dimetrtyiaminooyridine. or preferably with an acid annydnde 
sucn as acetic anhydride m the presence of acatic acid and an acyiation catalyst such as suifunc ac:d. :o give 
a diastereomenc mixture of cis- and trans-acetoxy acids of formula (IX). 

The racemic diastereomenc acid mixture obtained in Step 2 is fractionally crystallized using any combin- 
io ation of solvents (preferably benzene and ether) to grve exclusively either the e«- or the trans-acetoxy acid of 
formula (IX) each as a racemic mixture. 

Steo 3: Either the cis- or the trana-acetoxy acid of formula (IX) is reacted with an appropnate cmral auxiliary 
preferably l-menthol or d-menthol. in a suitable organic sorvent such as dichloromethane, using an activating 
agent such as dicydohexytcartodiimtde. and an esterification catalyst such as 4-dimethylammopyndme. a 
is cive a diastereomenc mixture of the cis- or trans-esters respectively. 

Alternatively, the compound of formula (IX) may be converted to an acid chloride by any means known m 
me art sucn as with oxalyt cnionde ,n an appropriate solvent e.g.. dichlorometfiane or N,N-d,menylformam.de. 
The aod cnionde a then reacted with a chiral auxiliary in a surtable organ* solvent using an estenflcaton cat- 

^'steo 4- The above diastereomeric mixture of either the as- or the trans-esters is fractionally crystallized 
using any combination of seven* (preferably ether and petroleum ether (40-60'Q) preferably at low temper- 
ature to grve exclusively die as- or the trans-acetoxy menthyl eater of formula (X). respectively. 

Steo 5- Either the 6s- or the trans-acetoxy compound of formula (X) is reacted with cytoaaie or other punna 
or pynmidine base or analogue thereof. The purine or pyrimkline baa* or analogue is preferably prevwusly si- 
lyiatad with hexamethyldis.lazane or more preferably silylated in situ with t-butyldimatftylsilyl mflata m a com. 
patible organic solvent such as dichloromethane containing a hindered baa* preferably 2.4,6-ccll.dine. A Law* 
aod of formula (III), preferably iodotnmechyls.lene or trimetftyisilyl Wlata. is then added to giva the c«-com- 
pound of formula (XI) in a highly diastereoseiecdve manner. 

Steo 6- The optically active os-nuetecaide of formula (XI) is reduced stereoapecrflcally with a reduong 
agent preferably lithium triemylborohydride or more preferably lithium aluminum hydride m anappropnate so*, 
vent such as tetranydrofuran or diethyl ether to give the compound of formula (XII) > and men** 

A second process forthe diaatereoselective synthes.s of compounds of formula (I) » .lluswtad by Scheme. 
3A and 38 and 4A and 48. in the process of Schemes 3A and 38 eareonyt-sugar with an R, subartuent at C4 
,s reacts with a cniral aux.li.ry (R») to give a diastereomeric mixture of two optically active 
gars. The actual diaatereomer product depends on whether the <♦) or (-) ch.raJ «^ ia^aiatf. 
active .nocture may be chemoeeiectivaly reduced and the resulting hydroxy, group «™c»^a 
to afford a diaatereomarlc mixture of four crural auxiliary-sugare, two in the aa- conflgurmdon and two ,n tha 
trans-configuration (Schema 38). Subsequent fraction* crystallization give. VJTl'^lT^.™. 
AJtemativaly. the optically active mixture of chiral auxiliary-sugara may flrat be »P««" * ^"«^* 
X « phy or fractional crystallization and then reduced and the resulting hydroxy! group °«iv^ O ah^nng youp 
(Schema 3A). Subaecuent fractional crystallization yields any desired diaatareonw. The sotvam + 
ust*«o*~fc<e«i.r,h.^ 

on further to compound, of formula (I) in a manner analogous _ 
Scheme. 3A and 38 depict the second procesa of Uiia invention aa applied to any 1.3<wathwlana. 2.4- 

4*5 dioxotant or 1,3-dithio4an«, 
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SCHBfS 33 



— y (*) a* (•) chinl tuxiliary y*^^^ 0 > w< 

V) . stepi «/ nf \- 



(XIV) 

/S^ 0H /^v**" / w -v^ 0M /S-**" 



(VT) 

y W ^ U /S> /S^ /S> 



STEPS 



| STEPS 



(I) 



STEP" 



'•a 



The vinous stepe involved in the synthesis of ai • ..udecsWw <* fonntfa (I) as depicted in Schemes 3A 

14 
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may be bnefly described a* follows: 

Step 1: The starting material of formula (IV), prepared by any method known in the an. is reacted with a 
cniraJ auxiliary (se«, e.g.. T.W. Greene, •Protective Groups m Organic Synthesis', Jonn Wiley and Sons, New 
York ( 1 981 ) to yield a mixture of two diastereomers of formula (XIII). The particular mixture produced «:li depend 
5 on which chiral auxiliary (♦ or •) is used. 

Steo 2: The mixture of two diastereomers of formula (XIII) is separated oy fractional crystallization or chro- 
matography to yield one diastereomer of formula (XIII). 

Steo 3: The single isomer of formula (XIII) is chemoselectively reduced by a suitable reducing agent, such 
as disiamyiborane to give a mixture of two diastereomers of formula (XIV). 
io Step 4; The hydroxy groups of the two diastereomers of formula (XIV) are converted to leaving groups by 

any method known m the art to grve a mixture of two diastereomers of formula (VI). 

Step 5; Either the c/s- or trans-isomer is separated out of the mixture of two diastereomers of formula (VI), 
as obtained m Steo 4, by fractional crystallization or chromatography. The solvent may be adjusted to select 
for the cis- or trans-tsomer. 

rs Step 6: The single diastereomer of formula (VI) is reacted with previously silyiated (or silylated in srtu) puhne 

or oynmtdine base or analogue or derivative. Then, addition of a Lewis acid of formula (III), such as lodotrime- 
thyisilane (TMSI) or trimethyistfyl triflate (TMSOTf) yields a nucleoside of c;s-configuration of formula (VII). This 
nucleoside is substantially free of the corresponding trans- isomer. 

Step 7: The optically active ca-nudeoside of formula (VII) is reduced stereospeciflcaily with a reducing 

20 agent preferably lithium triethyiborohydride or more preferably lithium aluminum hydride in an appro prate sol- 
vent such as tetrahydrofuran or diethyl ether to give the compound of formula (I) and menthol. 

Alternatively, as shown in Scheme 38, the mixture of diastereomers of formula (XJII) is chemoseiecttvety 
reduced with a suitable reducing agent such as disiamyiborane to give a mixture of four diastereomers of for- 
mula (XIV). The hydroxy* groups in m« mixture of four diastereomers of formula (XIV) are converted to leaving 

25 groups any method in the art to afford a mixture of four diastereomers of formula (VI). Either a as- or a trans* 
isomer of formula (VI) is separated out of the mixture of four diastereomers of formula (VI) by fractional crys- 
tallization or chromatograpny. The solvent may be adjusted to select for a cis- or tra/w-isomer. The single dia- 
stereomer of formula (VI) is reacted with previously silylated (or silylated in situ) purine or pyrsnidine base or 
analogue or derivative. Then, addition of a Lewis acid of formula (111), such aa iodotrirnethytailane (TMSI) or 

20 tnmethyisilyt trrflate (TMSOTf) affords a nucleoside of c/s- configuration of formula (VII) which is reduced with 
an appro prate reducing agent to give a specific stereoisomer of formula (I). 

Schemes 4A and 48 illustrate the application of the process of Scheme 3 to the synthesis of the enantio- 
mers of c/s-2-hydroxyrr«thyl-5*{cytoein*1'-y1)-1 t 3-oxathiolanes. Although this process is illustrated using spe- 
cific reagents and starting materials, it will be appreciated by one of skil in the art that suitable analogous re- 

35 actants and starting materials may be used to prepare analogous compounds. 
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SCHBfS 4B 




The various stapa invotvad in ttie syntfiaaia of tha nudaosidaa of formula (1) M dapletad In Scriama 4 may 
ba briafty described at followa: 

Stap 1 : Tha known marcaptoacatic acid of formula (XV) s raactad with an appropriate aldaftyda of formula 
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(0 



15 



20 



IS 



R.CHO. «nere.n R, ia preferaply an alkoxy carbonyl. sucn as memhyi glyoxyiate and mora preferacly s -.arcoxyi 
group, such aa glyoxylic acid (see e.g.. J.M. Mclntoah at al.. •S.Mercactoaldenyde D.mera and Z.S-O.hyaro- 
Lpheneafrom l.^xathalan-Sonea'. Can. J. Chem. . 81. pp. 187M875 (1983)) .n a compare organ.c sol- 
vent such aa toluene, to give me intermediate of formula (XVI). 

Step 2" The compound of formula (XV!) la reacted w.th an appropriate crural aux.liary. preferably umenmoi 
or d-menmol in a compatible organic solvent, such aa dichloromethane. ua.ng an activating agent, sucn aa ok 
cyaonexyicaroodiim.de. and an esterrf.cat.on catalyat such aa 4-dimethy.am.nopynoine . to g,v, the com- 

P ° U staple dilatelmenc compound, of formula (XV..) are preferab.y separated by fractal crystal,, 
ration i Scheme 4A). but may be earned on further without separation (Scneme48). , „. . 

S,eo VZ compounds of formu.a (XV,.) are reduced w.th an appropnate reduang agent such aa dis.a- 
myiboran.'in a compare organic sonant such aa t.trahydrofuran (A. Palter e, a... 'Boran. Reagents . Acad, 

anhyd". rthe presence of pyndin. and an acylaaon catalyst such aa ^imethylaminopyr*,.. to g>ve the 

ra J f iSSo^ crya*,izanon (Scheme 48) to grv. e,ther «. «> or the trma-acatoxy compound 

°' T.pV^iherthe d» or «• tnn+mm compound of formula (X) is reacted «Nh cyto**- or other purine 
„r n^din. Z "or analogue ftaraof . The purine or pyrimidin. baae or analogue ia preferably pravouaiy a,. 

Lihi. mime solvent, such aa dichloromethane containing a hindered baae preferably 2.4,8-coiiioine. a uew» 
^JZESfiX^ th. compound, of formula (Ml), more preferably iodo*m.thyisl..n. or a^rr* 
^S^^S^ orve me cis compound of formula (X.) in a highly dlaataraoalac*,. manner 
"* % Co £ ^ poaly a«N. c«-nudeo,«.e of formula (XI) ia reduce* ^ "22 

agen VreLbly ,LmUh,bcronydnd.. or more preferably, imm -^J?"* • PPWPOa * 
solvent such aa tetrahydrofuran or diethyl ether, to give the compound of formuU (XII) 

?n the diaatereoaiective procaaaaa of thia invention, the foUew,no ,ntarmed.afa are of particular ,mpor 
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(XIV) 



(VII) 



*r\J (mi) 



wherein R 3 , R* and L are as defined above; 

£ra/i5-5-hydroxyoxamtoiane-2-carboxvlic acid: 
(rR.2'S.5 ; R)-mentny^l,3H3xa^io*en-5^ne-2S-caftoxyiet»; 
(1'R.2'S.5'R)-menmy<-l.3-oxatftiolen.5^ne-2R<artoxy1*ti; 
(rR.2'S.5'R)wnend^5S-nydroxy-1^ 

(1 'R,2'S.5 r R)-mentfty<-5R-hydmxy-1 ,3-oxatfiioitne-2R-<artoxy1«ti; 
(1 R.2'S.5'RVmenthyW5S-hydroacy-1 ,3-oxatftioiane-2R-c«rtoxyl«te; 
( 1 R.2'S. 5'RHnemftyMR-hydraxy- 1 ,5^xatfik>*«ne.2S-cartoxytte; 
(VR7'S,5 , R)^mfiyi-5S.ecetoxy-1 ( ^^ 
(1U2'S.5'RHmr^5R-eceiQXY-l.3HMatfttf^ 
(VR,2'S,5'R)HT>errtfTy4-5S'ece^ 

(1 R«2'S.5'R)HT»mftyi-5R-ecetn>cy-1 ,^amidajie*2S-c»jtQxyt«t«; 

(VS,2R.5'S)^rtfiyi-5R-acetQXY.l,3^att^ 

(1 'S.2R.5 , S)-memtty*.5S-acetoxy-1 .3^xatfiio*an#-2R<artoxy1«te; 

(1 'S.2'R.5'S)-memhy1-5R-acetoxy- 1 ,3Mwamio*«ne-2R-c«rtoxy«te; 

(1 'S,2'R5'S)^mrfyt-5S-ecetoxy-^ 

(lU2'S,5'R)^nttTy*-5SKcytoain^ 

(1 'S,2'R,5'S)-menttTyi-5S-<cyt03tn.1 m ^y 1 ,3-oxath *dan#-2R-c«rtoxy1«tr, 
(1 'R.2'S,5 , R)^nthyl-5R.(cytoain-r-yl)- 1 ,3-<wathk)iane»2SH»t03cy1tt« 
(VS.2'R.5'S)^rrthyMR-{cytoain-r^^ 
(VR^S.S'RJwnemty-SR-^-fluc^^ 
(VS.2'R5 , S>-mentfty1-5S^5 - -rtuoiT>cytoairt.r^ 

(1 'S.2'R.5 , S)-fnenmyV5S^r4-4 # .acetytcytotifv r-y<)-1 ,3-oxatliidan#.2R-caftoxyat»; 

(VR.2'S.5'R)-mentnyl-5S-<c^ 

(1 'S,2'R.5 / S)-memfty4.l ,3-oxatftioiane-2R-cartoxylate; 

(VS,2'R.5'SWn#ntny^R-r^dro^ and (VS^'H.S'SHTWfltttyMS-hy- 

drexy- 1 . 3-oxamioiarte>2R*cart>oxylate; 

(VS,2'R.5'S)-menmyiuR-<^ioro-l .3H3xatnio<ane-2R-cartoxy1«te and (1'3^3'SymenmyMS-cnlo- 

1* 
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ro-1 ,3-oxatfiioi*ne-2R-carOoxyiate: 

c/'s- 2(N-n^my*-N-methoxyaminocarb onyi ) -5-{uracil- V • yl)-l ,3-oxath iolane ; 

as- and fnsns-2-oenzoyl-5-ac*tDxy-i.3-oxatfiioiane; 

as-2-{ V-pyrrol idinocarbonyl)-5-acetoxy* 1 . 3-oxatfi ioiane; 
5 c/*-2-cartonri6^oxy-S{5'-&rofnouracrf-1 l -y1)1 ( 3-oxatnioiane; 

c/s-2-carBoxvi-5-<uracii- v-yl)- 1 ,3-oxathiolane: 

05-2-(V-oyrroiidinocaroonyO-5-{uracii-l'-y1)-i.3-oxatniolana; 

as 2-benzoyt-5^uraaM'-yl)-l,3-oxathioiane; 

as- and trans-isopropyt 5-ac*toxy*0-oxathiolane-2<arboxYiate; 
10 c/s-i30oropyt-5-(c , yt03in-r-yl)- 1 .3-oxathioiane-2-carboxy1ate; 

as- and £rans-t-butyi 5-acatoxy-i,3-oxainio*ana-2-cartoxyiata; 

c/s-t-butyt-5-(cytoain-l '-yi)-1 .3-oxathiolane-2-carboxylate; 

os- and Crans-2-N,N-dietfiy1ammocar&any1- 5-acetoxy-1,3-oxathiolane; 

os-2-N.N-diethylaminocafOonyl-5-(cytoatn-r-yl).l,3 -oxathioiane; 
is os- and trans- 2-carDoethoxy-4-acetoxy-l ,3-dioxolane: 

os- and cn9ns-2-cartoethoxy-a-<thyTTiin-r-yl)-l 1 3-dioxolana: and 

os- and trans- 2-cart)06tnoxy-MN-4'-acety1cytoain-r-yi)-l ,3-dioxoiane. 
The following examples illustrate the present invention in a manner of which it can be practiced but as 
such, should not be construed as limitations upon the overall scope of trie oroceaaea of this invention. Except 
20 where specifically noted, ail (a] 0 measurements were recorded at ambient temperature. 

EXAMPLE 1 
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30 



SO 



1.3-OXATHIOUN-S-ONE-2-CARBOXYUC ACID 

(XVI) 



o 

HO 



Toluene (700 mL). mercaptoacetic acid (38 ml 50.03 g, 0.543 mol). and p-tolueneeulfonic acid (1 .0 g) were 
added to a solution of glyoxylta acid monohydrate (50,0 g, 0.543 md) in 200 mL of THF in a 2 L round bottom 
flask equipped with a Dean-Stark trap and condenser. The resultant reaction mixture was refluxed for 3 hours 
until 24.0 mL of HjO was azeotropically removed. The reaction mixture waa cooled, followed by removal of sol- 
vent under reduced pressure to yield an off-white solid. This material waa purified by recryetallteatJon (hexanee- 
EtOAc) to give 60.0 g of me product aa a crystalline white solid: rap. 140-14TC; 'H NMR (DMSO) 6 3.84 (q. 
2H. JAB«1 6.7 Hi), 6.00 (a, 1H). 

Example 2 

7HANS-S>HYDROXYOXAT>HIOt>NE-2-CARaOXYUC ACIO 

o 



WT %/ JS 0H (VIII) 

s 



A suspension of dithiafl-1 .4-dtol (8Z70 g. 0.54 md) and glyoxylic acid mononydrate (100.0 g, 1.09 mol) in 
»rt-butyi methyl after (1.1 L) waa stared under a blanket of nitrogen and heeted to reflux under Dean and Stark 
s$ conditions. The reflux waa continued for 8 hours durng which time 1 5.3 mL (0.88 moi) of water waa collected. 
The slightly turbid mixture waa fltered. and the solvent waa dlatilled at atmospheric pressure untl a volume of 
600 mL remained. Cydohexene (340 mi.) wes added and the solution wee cooled to VC, seeded, and allowed 
to str and cryatailize. The suapenaion was sored at 0-VC for 2 ho*irs. The product waa isolated by filtration. 
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washed with 100 ml of tert-tiuryi methyl ethercydohexane (2:1 ), and was dried overnight m vacuo at room 'en 
perature (94.44 g); m.p. 94.5 3 C; 'H NMR (DMSO) 5 2.85 (dd. 1H. J=2.4, 10.5 Hz). 3.13 (dd. 1H. J=4 3 10 
Hz). 3.47 (s, 1H), 5,34 (bra. 1H), 6.95 (d. 1H, J»4.7 Hz). 

5 Example 3 

fR^NS-S-ACETOXY. 1 .3-OXATHtOLAN£-2-CARBOXYUC-AC!0 



o 

OCOCH, 



13 

One drop of concentrated H 2 S0 4 was added to a thoroughly stirred solution of trans- 5-hydroxy-oxathioiane- 
2-carooxylic add (7.0 g, 46.7 rnmoi) in glacial acetic acid (40 mL) and acetic anhydride (15 mu 15.9 rnmoi) at 
ambient temperature. The resultant clear solution was stirred for 1 hour and then poured onto crushed ice and 
brine (20 mL). This mixture was extracted with CHjCi? (100 mL) and the combined extract was dried over an- 

20 hydrous magnesium sulfate. The solvent was removed under reduced pressure to give 8.5 g (95%) of a light 
yellow syrup which consisted of frans- and ca-5-acetoxy-1,3-oxathioiane-2-carboxylic acid in a 2:1 ratio. The 
mixture was dissolved in benzene (20 mL) and was left standing overnight during which white crystals were 
formed. A small amount of ether was added and the solid was collected by filtration and washed with more ether 
cogrve2g (22%) of trar?s-5-acetoxy-l.3-oxathiolane-2<arboxyiic acid: m.p. 111.3*0; 1 H NMR (0MSO) 5 2*03 

25 (s. 3H), 3.21 (d, 1H, >12 Hz). 3.32 (dd. 1H, J«3. 12 Hz), 5.65 (s, 1H). 8.65 (d. 1H, J«4 Hz); ,3 C NMR (DMSO) 
5 20.91. 36.51. 78.86, 99.15, 169.36. 170.04. 

Example 4 

30 C/S- 5-ACETOXY- 1 . 3-OXATHIOIANE-2-OARBOXYUC ACIO 




O OCOCH, 

The filtrate obtained from Example 3 waa concentrated under reduced preaaura and rediaaorved in ether. 
40 This solution waa kept at room temperature and a>5-acetDxy-l.3-oxati^ioiane-2-carboxyllc acid slowly crya- 
tallized out aa a white solid (2.1 g, 23%): m.p. 111.7*C; 'H NMR (DMSO) 5 1.96 (a, 3H) f 3.25-3.33 (m, 2H). 
5.74 (S. 1H). 6.69 (d. 1H. J«3 Hz); »C NMR (DMSO) 6 21.0. 37.16. 79.57, 96.5*, 169,36, 170.69, 

Examples 

4$ 

(rR,2'S.S'RVMEhfrHYL-1,3-^ AND (1UyS.5'R>MENTHYl-1,3- 

OXATHI01>N-S-ONE.2R-CARBOXYlATE 
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OxaJyl chloride (1 1 ml 123.6 mmoi) was added through a drooping funnel over a penod of 30 minute* to 
a stirred solution of l.3-oxathioUn-5-one-2-ca/Ooxyiic acid (12.2 g, 32.4 mmoi) m anhydrous THF (20 mi) and 
CHjOt (40 mL) at room temperature under an argon atmosphere. The resuitant solution was heated at 65'C 
for 30 minutes and then was concentrated in vacuo to g Ive an oily product ( 1 1 .8 g. 90%). The crude acid cnionoe 

5 ootained was redissolved in dry CH 2 C1 2 (40 mL) and cooled at 0°C. (iR.2S,5R)-menthoJ (1 2.3 g, 32.4 mmoi) 
dissolved in CH 2 CI 2 (25 mL) was slowly added to this cooled solution. The resultant solution was stirred at room 
temoerature overnight. The reaction mixture was diluted with CH t Q 7 (200 mL) and washed with water, satu- 
rated aqueous NaHCOj solution, brine, and then was dried over anhydrous Ne?S0 4 . The solvent was removed 
and the crude product thus obtained was ffltered through a short silica column (100 g. Merck) siuted with EtCAc- 

10 hexanea. Concentration of the appropriate fractions gave a 1:1 mixture of (1'R.2'S.5'R)-menthyi.l,3-oxathio- 
lan-5-one-2S-carboxytate and (VR,2'S.5'R)-menthyi-1>oxathio^an-5H3ne-2R-carboxyiate (20 g, 34.7% over- 
all) as a viscous oil: 'H NMR (COCI,) 5 0.77 (3H). 0.91 (6H) t 1.00-1.15 (2H), 1.4O-2.10 (6H), 3.56 (1H), 3.32 
(1 H), 4.30 (1 H). 5.62 (1H); ta C NMR 5 18.7, 21 .2. 21 .3, 22.5, 23.80, 23.34, 28.7, 26.3. 30.6. 31 .91. 31 .94, 34.57, 
40.8, 41.07. 47.5. 47.6. 74.1, 74.2, 77.7, 168.1. 172.8. 

is The above mixture (20 g) was dissolved in a minimum amount of pentane-petroleum ether (40-60°C) (1:2, 
30 mL). The resuitant solution was cooled at -70°C for 1 0 minutea and the crystalline compound that was formed 
was quiddy collected by filtration and washed with more cold petroleum ether (10 mL). This crystalline com- 
pound, isolated in 1 2.5% yield, was found to consist of one isomer as indicated by 'H NMR and 15 C NMR spec- 
troscopy: m. p. 78.5°: (al 0 *31.7* (c. 0.984, CHO,); 'H NMR (COCI,) 5 0.77 (3H). 0.91. (6H). 1.00-1.15 (2H>. 

20 1 .40-2.10 (6H), 3.56 (1H), 3.82 (1H). 4.79 <1H). 5.62 (1H); '*C NMR (COCls)5 16.7, 21 A 22.5. 23.3, 28.7, 30.0, 
32.0. 34.6, 41.1, 47.6. 77.7, 168.1. 172.9. 



25 (1'R.2'S.S'R)-M6NTHYL-SS-HYPROXY-V 
Sf^KY^RO^M^ 

THIOUW£-2R-CARBOXYl>TE, (V^^^ 
BOXYLATE 



40 A freshly prepared solution of dteiamylborane (1 3.4 mrnol. 0.5 M in THF) waa added via canuJa to a stirred 
solution of a 1 :1 mixture of the menmy* eater carbcxyiate of formula (XVII) (1 .28 g, 4.47 mmoi) in THF (10 mL) 
at 0°C under an argon stmoephere. The reauiting dear solution waa stirred for 1 5 minutee at (TC and 1 8 hours 
at ambient temperature. The reaction waa quenched with methanol (5 mL), concentrated, and dHuted with me- 
thylene chloride (20 mL). The reauitant solution was washed with brine (5x2 mL) and dried over an hydroua mag- 

4$ neaium sulfate. Removal of the solvent gave a dear oa. Subjecting this materia! to siica get column chroma- 
tography (EtOAc-nexanee, 1:Z V/V) gave 0.85 g (50%) of the expected lactoia in four dawtareomeric forma: 
NMR (COOj) 8 0.71-2.09 (m, 18H). 3.01-3,09 (m, 1M). 3.24-3.33 (m. 1H). 4.66-4.83 (m, 1H). 5.53-5 .59 (m, 
1H). 5.88-6.09 (m, 1H). 



Example 6 
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Example 7 

(1'R.2'3.3'R)-M6NTHYL-SS^ 5"R)-M£NTHYL 
5R-AC£TQXY.1.3-OXATHIOUWE.2R-CARBOX^ 

5 THI0L^NE-2R-CARS0XYIATE. (1 R.2'S.5'R)-MENTHYL-5R-AC£TOXY^.3-QXA THlOUVNg.7^r AP 1 

BOXY LATE ' — 



10 



15 



20 



25 




The four title compounds were prepared as a mixture by the following two methods. 
30 Method A 

lactols of formula (XVIII) (0.65 g, 2.25 mmoi) were dissolved in anhydrous pyridine (1.5 mL) and methylene 
chloride (5 ml). Acetyl chloride (0.5 mL 7.0 mmoi) was slowly added to this solution at 0*C. The reeuitlng white 
suspension was stirred at ambient temoerature for 3 hours. The reaction was then quenched with saturated 

35 aqueous ammonium chloride solution (1 mL). The mixture waa extracted with methylene chloride (5x2 mi.) and 
the combined extract waa concentrated to give a brown gummy material. Thia material was subjected to column 
chromatography (EtOAc-hexan*. 1:3 V7V) to provide 0.3 g of the four acetates aa a light yellow oi: 'H NMR 
(COO,) 5 0.75 (d. 8H, J»7 Hz), 0.78 (d. 6H. J«7 Hz). 0.88-0.94 (m, 24H), 0.97-2.03 (m, 36H), 2.10 (a, 9H). 
2.13 (s. 3H), 3.15 (d. 2H, J«12 Hz), 3.23-3.30 (m, 4H), 3.42 (dd. 1K J«4, 12 Hz). 3,44 (dd, 1H, J-4, 12 Hz), 

40 4.6S4.75 (m, 4H), 5.81 (s, 1H). 5.62 (a, 1H), 5.63 (a. 1H). 5.64 (a. 1H), 8.64 (m. 4H). 

Method B 

A solution of dteydohexyi-cartodiimide (21.36 g, 0.106 mot) in dlchiorornethana (100 mL) waa added to a 
48 500 mL round bottom flask containing a solution of trans* snd a* 5-acetoxy- 1 ,3-c*«th Wana-2<arboxy1ic acid 
(X) (18.5 g, 0.096 moJ). (1R.2S.5RH-)-™«mhol (16.5 g. 0.106 md), and 4^iiT»e<ffy1airtrK«yTXline (1.17 g, 9.63 
mmoi) in dichioromethane (200 mL) at 0*C. The resulting thick white slurry wea stirred at room temperature for 
3 hours at which tine methanol (4.0 mL) and glacial acetic acid (2.0 mL) were added. After stirring for 10 min- 
utea. the reaction mixture waa diluted with hexanea (200 mL) and fltared through Celfte Subsequent remove! 
so of the solvent provided 32.5 g of the crude product Thie substance waa redtseorved in hexanee (100 mL), fl- 
tared through Ceiite and concentrated to yield 30.5 g of material which waa further purified by column chroma- 
tography (eluent 100% hexanes to 5% EtOAc-hexanee) to grve 5.5 g of a mature (ca. 1:1) of (VRJ'S.S'RV 
m«nmy1-5R-ac«toxy-1.3H>xamiolan^2S<arboxylata snd (VR^S.^Hr^enthyLSS-ae^^ 
2R-carboxyate; 10.28 g of a material which contained mainly tha above two dl aa tereomer s along with 
58 (1^2'S.5'Ryfliemhy-5S.acetoxy-1.3^^ snd (VR,^S.5 # R)-mentfiy^5R-a«toxy. 

1 . 3-oxathiolan^2R-carboxyiate; 7.6 g of e random mixture of the above four diastaraomers; and 12 g of a mix- 
ture (ca. 1:1) of (rR.2'S.5'RVmanthy.5S-ecet^ and (1 *R.2 v S,5 , RHnanthyl* 
5R-acatoxy-i ,3-oxathiotane-2R-carboxyUte. 
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Example 8 

fl'R.^S.S'RVMENTHYL-SR-ACETOXY-I^OXATHlOUVNE-ZR'CARSOXYUVTH 




{VR.2'S.5'R)-M«nmyl-5R-ac8toxy-l.3-oxamtolan©-2R-cartoxy1ate was prepared by me following three 
methods. 

Method A 

A mixture of (VR,2'S,5'R)-menthyl-5S-acetoxy-i>oxathiolane*2S-<art)OxVate and (1'R.2'S.5'R)-men- 
thyl-5R-acetoxy-l.3-oxathtoiane-2R<arocxytate (5.5 g) obtained from Example 7 was dissolved in petroleum 
ether (40-60°C) containing a minimum amount of diethyl ether and cooled in a dry ice-acetone bath. The white 
solid precipitate was immediately collected by suction filtration to give 1.6 g of (1'R.2'S ( 5'R)-menthy1-5R-aceV 
oxy-l.3-oxathiolane-2R-carooxylate: m.p. 105.2°C; [a)o -60° (a 0.51. CHCJJ; 'H NMR (COCIj) 6 0.77 (d. 3H, 
J»7 Hz). 0.91 (d. 3H. J»7 Hz). 0.92 (d, 3H. J»7 Hz), 0.86-2.06 (m, 9H), 2.10 (S, 3H), 3.18 (d, 1H. J-12 Hz). 
3.44 {dd. 1H. J*4. 12 Hz). 4.74 {dt 1H, J*5, 12 Hz). 5.63 (a. 1H), 8.79 (d. 1H. J*4 Hz); '^C NMR (CDCI,) 5 
16.16. 2074, 21.11, 21.97, 23.29. 26.08. 31.38. 34.13, 37.24. 40.62, 47.07. 78.11, 79.97. 99.78. 168.60, 
169.68. 

Method 3 

A mixture of the four diastereomers of formula (X) {300 mg) waa dissolved in n-pentane containing a mini- 
mum amount of diethyl ether and waa kept at -20°C for 24 hours. The white needles termed were filtered quickly 
while cold to give 25 mg of materia*. The substance thus isolated waa found to be identical in all respects with 
those obtained by Method A or C. 

Method C 

A solution of dicvdotiexycarbodiimide (1.362 g, 8.6 mmoi) in dichloromethane (5 ml) waa added to a 50 
ml round bottom flaefc containing a solution of tra/w-5-acetoxy-l ,3^xathioiane*2<afboxyiic acid (1.18 g, 6.04 
mmoi), (1RJS.5RH-Hw*oi (1.038 g. 6.60 mmoi). and 4Haimethylaminopyndina (75 mg, 0.62 mmoi) in dJ- 
chioromethane (10 mL) at 0 # C. The raauiting white slurry waa stirred at room temperature for 3 hours at which 
time methanol (0.2 mL) and glacial acetic acid (0.2 ml) were added. After stirring for 10 minutes, the reaction 
mixture waa diluted with hexanea (25 ml), filtered through Cetita, and concentrated. The crude product thua 
obtained waa diaaotved in hexanea (25 ml), filtered through C elite and concentrated to provide 1 .98 g (100%) 
of (VR.2'S,5'R)-menthy-5R-a^ *nd (VR^S.5^)HTier^5S-acetnxy- 

l.3^xathidane-2S-carboxylate: 

<H NMR (COO,) 5 0.75 <d, 3H. J»7 Hz). 0.78 (d. 3H. J»7 Hz). 0.83-0.92 (m. 12H), 0.95-2.19 (m, 18H). 2.10 (S, 
6H), 3.1 5 (d, 2K J»1 2 Hz), 3.42 (dd. 1 H. J»4, 1 2 Hz). 3.44 (dd. 1 H. J«4. 1 2 Hz).4.74 (dt 2H. J«6. 1 2 Hz), 5.61 
(s, 1H). 5.62 (S.1H). 6.85 (S.2H) 

The above mixture of diaatereoiaomers waa dissolved in petroleum ether (4f>60 # C) containing a minimum 
amount of diethyl ether and waa coded in a dry ice-acetone bath. The white solid precipitate waa immediately 
collected (620 mg) by suction fStration. This material was recrystailized again under the same conditions to yield 
450 mg of a white solid. This compound waa found to be identical in ail respects to thoae prepared using either 
method A or method S. 
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Example 9 

(1'S.2'R.5'S)- MENTHYL'5S*ACETOXY-1.3*OXA7HlOLANE«2S-CAR3QXYUVTH 

5 



10 




13 

A solution of dicydohexylcaruodiimtde (491 mg, 2.38 mmol) in dichloromethane (7 mL) was added to a 50 
mL round bottom flask containing a solution of £r*n$- S-acetoxy-1 ,3-oxathiolane-2-cartoxylic acid (IX) (416 mg, 
2.2 mmol). (iS.2R.5SH*).mentho* (372 mg t 2.38 mmol), and 4^imemylamino-pyridine (26 mg, 0.21 mmol) 
in dichloromethane (5 mL} at 0 fl C. The resulting thick slufTy was stirred at room temperature for 3 hours at which 

20 time methanol (0.2 mL) and glacial acetic acid (0.2 mL) were added. After stirring for 10 minutes. :he mixture 
was diluted with hexanes (25 mL). filtered through Celite. and concentrated. The crude product obtained was 
dissolved in hexanes (25 mL), filtered through Ceiite. and concentrated to produce 0.715 mg (100%) of two 
diastereomers. namely (1'S,2'R.5'S)-menthyi-5S-a<»toxY-l and (1'S.2'R,5'S)- 

mentnyl-5R-acetoxy-i.3-oxatfiioiane-2R-cartoxylate; 'H NMR (COCl,) $ 0.75 (d. 6H, J«7 Hz). 0.35-0.92 (m. 

25 12H), 0.95-2.19 (m. 18H). 2.10 (a. 6H). 3.15 (d. 2H. J»12 Hz), 3.42 (dd, 1H. J«4, 12 Hz). 3,44 (dd, 1H, J-4, 12 
Hz). 4.72 (dt 2H. J»5. 12 Hz) 5.61 (s. 1H). 5.62 (s. 1H), 6.63 (S. 2H). 

The aoove diastereomeric acetoxy menthyl esters mixture was disserved in petroleum ether (4f>60*C) con- 
taining a minimum amount of diethyl ether and was cooled in a dry ice-acetone oath. The white solid precipitate 
was immediately collected (200 mg) by suction filtration. This material was recrystalltzed again under the same 

30 conditions to yield 1 30 mg (34% based on one enantiomer) of (1'S.2'R,5'S)-fnenthy1-5S-acetoxy-i ,3-oxathio- 
!ane-2S-carboxyiate: 

m.p. 104.2'C; [a] 0 >59.2* (a 1.02. CHCI,); 'H NMR (COO,) 5 0.77 (d. 3H, J«7 Hz). 0.91 (d. 3H. J*7 Hz). 0.92 
<d. 3H. J*7 Hz). 0.86-2.06 (m. 9H). 2.10 (S, 3H), 3.18 (d. 1H. J»12 Hz). 3.44 (dd, 1H.J«4, 12 Hz). 4.74 (dt 1H, 
J=5, 12 Hz). 5.63 (a. 1H). 6.79 (d. 1H. J=4 Hz); '*C NMR (COCU 5 18.16, 20.74, 21.11. 21.97, 23.29, 26.08, 
35 31.38, 34.13. 37.24, 40.62, 47.07. 78.11. 79.96. 99.78, 168.60. 189.66. 

Example 1 0 

(1'R.2'S,5'R)-MErrr>rVL^ 

[40 



4$ 



50 




( VR ( 2'S.5'R)-Methyl-5R-ac«toxy-l.3-oxathioiane-2S-carboxy1ate was prepared by the following two meth- 
ods. 

5J Method A 

A saturated solution of a mature of the four d>astereomers ( 1 2.28 g), obtained in Example 7, was preoared 
in petroleum ether containing a minimum amount of diethyl ether and was kept at *20*C for 72 hours. The white 



25 



EPO 515 157 A1 

crystalline solid produced waa isolated by filtration to grve 1.6 9 of (VR.2'S.5*R)-mendiyl-5R.acetoxy.i >ox- 
athiolane-2S-carboxy1ate: m.o. 110.2°C; [aj 0 -177° (c. 0.7. CHCt,); *H NMR (COG,) 5 0.75 (d 3H J*7 Hz)" 
0.88 (d. 3H. J»7 Hz). 0.92 (d. 3H. J»7 Hz). 0.97.2.02 {m. 9H), 2.12 (a. 3H), 3.22 (d. 1H. J«1 1 Hz) ' 3 29 f d d 
1H J«4, 11 Hz). 4.74 (dt 1M, J«4. 11 Hz). 5.53 (s. 1H).6.65(d. 1H. J=3 Hz); <3 C NMR (CDC!,) 6 16 9 20 59 
5 21.19, 21.95. 23.29. 26.10. 31.34. 34.0. 37.52. 40.32. 46.32. 75.69. 30,20. 99.36. 168.55. 170.23. 

Method 3 

A solution of dicydohexycaroodiimide (1 18 mg, 0.572 mmol) in dichloromethane (5 mi.) was added to a 
10 25 mL round bottom flask containing a solution of c/'s-5-acetoxy-l ( >oxatnioJane-2-cart3oxyiic acid (100 mg, 
0.52 mmol), (lR.2S.5RM-Wnenthol < 85 m 9' °* 54 nwnol). and 4-dimetfiyf-aminopyndine (OMAP) (8 mg, 0.053 
mmol) in dichloromethane ( 1 0 ml) at 0°C. The resulting white slurry was stirred at room temperature for 3 hours 
at wmcn ome methanol (0.1 mL) and glaciai acetic acid (0.1 mL) was added. After stirring for 10 minutes, the 
mixture waa diluted with hexanea(15 mL). filtered through C elite, and concentrated. The crude product obtained 
?5 was dissolved in nexanea (15 mL). filtered through Celite. and concentrated to yield 170 mg (100%) of 
(VR.2'S.5'R)-menthyl-5R-acetoxy-l.S-oxathio<ane-2S-carooxytate and (1'R.2'S,5'R)-menthyl-5S-acetoxy- 
l>oxamiolane-2R-carboxyiate: 'H NMR (CDC!,) 5 0.75 (d. 3H. J«7 Hz). 0.78 (d, 3H. J»7 Hz). 0.88-0.94 (m. 
12H). 0.97-2.03 (m. 18H), 2.10 (a. 3H), 2.13 (a. 3H). 3.23-3,30 (m, 4H). 4.65-4.75 (m, 2H), 5.63 (a. 1H), 5.64 
(a. 1H).6.64(m, 2H). 

20 The above mixture of diastereomers waa recryatailized from petroleum ether (40-60 # C) and a minimum 
amount of diethyl ether at room temperature. The white crystalline material formed was collected (95 mg) by 
filtration. This material waa recrystallized again from diethyl ether-petroleum ether to yield 74 mg (73% based 
on one enantiomer) of (1'R.2'S.5'R) menthyl-SR-acetoxy-l ,3-oxathioiane-2S-carDOxy1ate, 

25 Example 1 1 

(VS.2'R.S , SVMENTHYL-5S-AC£TOXY-1.3-OXATHiOLANE-2R'CARSOXYl>TS 



35 




yo A solution of dteydohaxyicarbodiimida ( 1 .586 g, 7.7 mmol) in dicrtoromethane (7 mL) waa added to a 50 
* mi round bottom flaafc containing a solution o>5-acatoxy-l.3-ojumioiana-2<artoxyllc acid (1.36 g, 7 mmol), 
(1 S.2ftSSH*)-™ntfwi (1.216 g, 7.7 mmol). and 4H3imethylamino-pyndine (85 mg, 0.7 mmol) in dichlofoma- 
thane (16 mL) at 0*C. Tha raauitlng thick slurry waa stirred at room temperature for 3 houre. The reaction waa 
quenched with methanol (0.4 mL) and glacial acetic acid (0.4 mt) and the mature waa stared for 10 min. The 
45 resultant mixture waa diluted with hexanea (25 mL). tittered through a pad of Celita, and concentrated. Tha 
crude material thua obtained waa rediaaoJved in hexanea (25 mL) and ffltared through Ceiita. Removal of tha 
solvent under reduced praaaure yielded 2.3 g of a white solid ( 1 00%) which consisted of (1 'S^R5'S)-manthyi- 
5S-acetoxy-l ( 3^rt Mu»2R-carDOxyiata and ( 1 'S,2' R.5'S)-merrtfryV5R-acatoxy.1 ,3-ojutthtoiane-2S-car- 
boxyiete: 

» 'H NMR (COO,) 6 0.75 (d. 3H. >7 Hz), 0.78 (d. 3H. J*7 Hz). 0.864).94 (m, 12H), 0.97-2.03 (m, 18H), 2.10 (a, 
3H). 2.13 (a. 3H). 3.23-3.30 (m, 4H), 4.65-4.74 (m. 2H). 5.63 (a, 1H) f 5.64 (a, 1H). 6.64 (m, 2H). 

The above mixture of diaatareomera waa recrys tallied from petroleum ether (40-60*C) end e small amount 
of diethyl ether at room temperature to give 1 .3 g of a white solid, Thta material waa recrystallfced again from 
diethyi ether-petroieum ether (40-60 # C) to grve 900 mg (78% baaed on ona enantksmer) of (VS.2R,3'SVmerv 

55 myi-5S-acatoxy-l.3-oxamiciane-2R<arDOxylat»: m.p. 1 10.2 # C; [alo*1TT (c 1.0, CHOJ; 'H NMR (COO,) 5 
0.73 (d. 3H, J»7 Hz). 0.89 (d. 3H. J« 7Hz). 0.92 (d. 3H, J«7 Hz). 0.96V2.02 (n\ 9H), Z12 (8, 3H), 3.22 (d. 1H. 
J»11 Hz). 3.29 (dd. 1H. J«4. 11 Hz), 4,74 (dt 1H. J«11. 4 Hz). 5.63 (a, 1H). 6.68 (d. 1H. J«3 Hz); tJ C NMR 
(COCl)) 5 18.9. 20.69. 21.19. 21.95. 23.29. 26.10. 31.34, 34.09. 37.62, 40.3Z 4*82. 75.79, 60.20. 99.36, 
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•168.53. 170.23. 
Example 12 



10 



15 




(XI) 



20 

t-Butyt-dim ethyl ail yl tnfluoromethane-sulfonate {1 .1 mL 4.79 mmol) was added to a suspension of cytokine 
(0.27 g t 2.5 mmoit in CH^C^ (2 mL) containing 2.4.6-coitidine (0.65 mi, 4.92 rnmoi) at room temperature. The 
resultant mixture was stirred for 1 5 minutes and a dear solution was produced. A solution of (V R^'S.S'RJ-men- 
thyl-SS-acetoxy- 1 , 3-oxathioiane-2R-carooxytate (0.66 g, 1 .99 mmol) in methylene chloride {1.5 mL) was added 

25 co the mixture and stirring was continued for 5 minutes, lodotrimethylsilane (0.31 mL 2.1 3 mmol) was introduced 
droowtse and a wnrte precipitate was produced when the addition was completed. The reaction mixture was 
allowed to stir for 1 3 hours. The reaction was quenched by addition of a saturated aqueous solution of Na^O* 
(10 mL) and CH 2 CI 2 (30 mL). The organic layer was separated and washed with bnne (2x10 mL). The solvent 
was removed in vacuo to give a viscous oil which was suspended in diethyl ether (30 mL). To this suspension 

20 was added a saturated aqueous solution of NaHC0 3 (20 mL) with vigorous stirring. A white precipitate appeared 
and the resultant suspension was diluted with hexanes (10 mL). The precipitate was collected by filtration to 
give 0.57 g (75%) of a white solid. The 'H NMR spectrum of this material indicated that it was a mixture of the 
c/s- and trans- diastereomera of the expected nucleoside in a 23:1 ratio. 

This product was purified further by recrysailization from EtOAc-nexanes-MeCH: [<*]□- 144 9 (c, 1.02. 

35 CHC1 3 ); m.o. 219°C (decomposed); 'H NMR (COO,) 0 0.76 (d, 3H. J*7 Hz). 0.35-0.94 (m. 6H). 1.02-1.10 (m, 
2H). 1.42-2.06 (m. 7H), 3.14 (dd, 1H, J«6.6. 12.1 Hz), 3.54 (dd. 1H. J»4,7. 12.1 Hz). 4.72-4.78 (m. 1H), 5.48 
(s. 1H). 5.99 (d. 1H. J»7.5 Hz), 8.43 (d, 1H. J»7.6 Hz); 'K {COOH 6 16,1, 20.7. 21.9. 23,2, 26.4, 31.4, 34.0, 
36.3. 40.7. 47.1. 78.7. 73.4. 90.3, 94.8, 141.8. 155.4. 165.6. 169.8, 

40 Example 13 

(VS,2'R.S'SVM£hfl>rY\-5^ 
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5$ 




(XI) 



2.4.6-Colltdine (0.317 mL 2.4 mmol) and t-tiutytdimethylsily* nrftuoromethaneaulfonate (0.551 mL. 2.4 
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mmol) were added successively to a suspension of cytosine (133.3 mg, 1.2 mmol) in CH 2 Q 2 {1 mL) at room 
temperature under an argon atmosphere. The resultant mixture was stirred for 1 5 minutes to produce a clear 
solution. A solution c^(VS7'R.5'S)-menmy1-5S-acetDxy-i.3-oxathioiane-2R-carboxy1ate (330 mg, 1 mmot) ;n 
CH 2 C! 2 (0.5 mL) was introduced, followed by wdotnm ethyl si lane (0.156 mi, 1.1 mmoi). The reauitant moojre 

5 was stirred for 3 hours. The mixture was diluted with CH 2 CI? (20 mL) and washed successively wtth saturated 
aqueous NaHS0 1( water, and bnne. The solvent was evaoorated and the residue was taken up in stner- 
hexanes ( 1 : 1 , 10 mL) and saturated aqueous NaHCOi (2 mL). Stimng was continued for 1 5 minutes. The aqu- 
eous layer was removed and the organic phase was centnfuged to give a white solid which was washed with 
hexanes (3x5 mL) and dried under vacuum. This suostance. namely (VS.2'R.5'S)-menthy1-5S-{cytosin-i ,, .yi)- 

io l>oxathio*an-2R-carooxytate (380 mg, 100%) was contaminated with about 3% of (VS.2'R,5'S)-menthyU5R- 
(cytosin-r-l ( >oxaihioian-2R-carDOxylate (as indicated by rta 'H NMR spectrum), was recrystallized from 
MeOH to give ( VS.2'R.5'S)-menthyi-5S-{cytosin-r-yl>.1,3.oxathiolane-2R-caJlXDxy1ate: [aJo-58 9 (c. 0.506. 
CHCI,); m.p.; 235'C (decomposed)); 'H NMR (COCtj) 5 0.30 (3H). 0.92 (6H). 1.06 (2H), 1.37-2.10 (7H), 3.1 1 
(1H), 3.55 (1H). 4.77 (1H). 5.47 (1H), 5,79 (1H), 8.49 (1H), 3.37 (1H); *>C NMR (COO,) 5 6.8, 21.3. 22.5. 23.9, 

13 28.a! 32.0. 34.8, 37.0, 40.7. 47.4, 77.3. 79.3, 90.9, 95.3, 142.9, 155.1, 164.9. 170.1. 

Example 14 

(VR.2'S.5'RVMENTHYL-5R-(CYTOSll^ 

20 



23 



30 




(XI) 



35 2.4,6-collidine (0.317 mL, 2.4 mmoi) and t-butytdimethylsiyl trtfluoromethaneeutfonate (0.551 mL. 2.4 
mmoO were added successively to a suspension of cytosine (133.3 mg, 1 2 mmoO in CHjOt (1 mL) at room 
temperature under an argon etmoephere. The resultant mixture was stirred for 1 5 minutes) and a dear solution 
was obtained. A solution of (1U2'S,5'R)-menthYi-5R-aceto^ (330 mg. 1 

mmoi) in CHaQs (0-3 mL) was introduced, followed by iodotrimemylsaane (0.156 mL. 1.1 mmol). Stirling wee 

40 continued for 3 hour*. The mbdur» was diluted with CH 2 CJ 2 (20 mL) and waahed succeeeiveJy with saturated 
aqueous NaHSO* water, brine and men waa concentrated. The residue was taken up in ether-hexanes (1:1. 
10 mL) and saturated aqueous NaJHCO, (2 mL) and waa stirred at room temperature for 15 minutes. The aqu- 
eous layer waa removed and the organic phase waa centrtfuged to yield a white solid which waa washed with 
hexsnee (3x5 mL) and than dried under vacuum. The product ( V R^ S^Rymsnthy-SR^cytosirv 1 # -y1)- 1 , 3-ox- 

45 athWs^2S-cartoxyiats (338.3 mg, 88%) contained about 6% of (rR^S,5'R)^nthy^53Kcytoeavy>yl>-1> 
oxathk3ian-2S-cartX)xy1ate (NMR). This material waa recrystaJltzed from MeOH to give me desired product 
[a!o*5tf (c, 1.08. CHOJ; m.p.; 235«C (decomposed); 'H NMR (COOJ 6 0.80 (3H) 0.91 (6H) ( 1.00 (2H). 1 .37- 
2 10 (7H). 3.11 (1H). 3.55 (1H). 4.77 (1H) f 5.47 (1H). 5.79 (1H). 6.40 <1H), 8.37 (1H); «C NMR (COO,) 8 16.8. 
*1.3. 22.5. 23.9, 28.8, 3Z0. 34.6. 38.8, 40.7, 47.4. 77.1. 78.8, 90.9, 95.6, 141.9, 156.3, 168.6, 170.Z 
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Example 15 

(VS.2'R.5'S)-MENTHYL-5R-(CYTOSlN-r-YL)-i.3-OXATHIOUVNE-2S-CAR30XVU7E 




(XI) 



2.4.6-collidine (0. 1 06 mL 0.3 mmol) and t-butyidimethylsilyl trrfluoromethaneauifdnate were added succes- 
sively to a suspension of cytosme (4-4 mg, 0.4 mrrtol) in CH 2 Ct 2 (0.5 mL) at room temperature uncer an argon 
atmosphere, Stirring was continued at room temperature for 15 minutes and a deer solution was produced. A 
solution of (V$.2'R,5'S)-mentnyl-5S-acetoxy -i.3-oxathiolan-2S-cartoxylate (1 10 mg, 0.33 mmol) in CHjO, 
(0.3 mL) was added, followed by lodocnmethylsilane (0.052 mL, 0.36 rnmoi). The resultant mixture was stirred 
at room temperature ovemignt and then was diluted with CH 2 Ct 2 (10 mL). The mixture was washed successively 
with saturated aqueous NaHS0 lt water, bnne and concentrated under reduced pressure. The residue was talc* 
en up in ether-hexanes (1:1. 5 mL) and saturated aqueous NaHCOj (1 mL) and stirring was continued at room 
temperature for 20 minutes. The aqueous layer was removed and the white solid suspended in the organic 
pnase was collected by cenmfugation. This solid was washed with hexanes (3x5 mL) and dried under vacuum 
to provide 65 mg (51.2%) of (VS,2'R.5'$)-menmyl-5R-(cytQSin-r^ contam- 
inated wrth approximately 5% of ( VS.2'R.5'S)-menthyi-5S-(cytQSir*^ as in- 
dicated by 'H NMR spectroscopy. Recrystaliization of the crude materia* from MeOH-EtjO gave the desred 
produce m.p. 210-21 TC; [a! 0 H79 # (c. 0.66. CHCt,); 'H NMR (COO,) 5 0.77 (3H) 0.92 (6H). 1.00 (2H). 1.37- 
2.10 (6H) t 3.14 (1H). 3.55 (1H). 476 (1H). 5.46 (1H). 5.88 (1H). 6.46 (1H), 3.38 (1H); '*C NMR (COCIj) 8 16.8, 
21.3. 21.3. 22.5, 23.9. 26.7. 31.9. 34.7. 38.7, 40.9. 47.4. 76.4. 30.8. 100.0, 169.1. 170.8 

The wasnmgs and the supernatant were comomed and washed with IN HO, water, brine, and then wee 
dried over Na^O*. Evaporation of the solvent yielded 53 mg (48%) of un reacted (VS.2'R.5'S)-menthy*.5S- 
acetoxy- 1 . 3-oxathio*an*2S-carooxy1ate. 

Examoie 16 

2R-HYDROXYMETHYL-S3^CYTOSIN-r-YL)-1.3-OXATHIOl>NE 




(XII) 



A solution of(1'R.2'S.5'RVmenthyt-5S-<cytosin-r.yiH 3-oxam>olane-2R<artoxyiate (67mg,0.l8mmo0 
m THF (1 mL) was slowly added to a stirred susoen$ion of lithium aluminum hydride (19 mg, 0.5 mmoi) in THF 
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(2 mL) at ambient temperature under an argon atmosphere. Stirring was continued for 30 minutea. T*e reaction 
wa5 then quenched with methanol (3 mL), followed by the addition of silica gel (5 g). The resultant slurry was 
stirred for 30 minutes and tfien was transferred to a short column packed with Celtte and silica gel and was 
eluted with a 1:1:1 mixture of EtOAc-hexane-methanol (50 mL). The eiuate was concentrated ano subjected 
5 to silica gel column chromatography (EtOAc-hexane-methanol. 1:1:1) to give a gummy solid. This solid was 
dned azeotropicaily with toluene to grve 38 mg (94%) of the desired product [al 0 -i22° (a 1.01, MeOH)- m p 
128-130°C; 'H NMR (CO 3 O0) 5 3.05 (dd, 1H. J=4.3. 11.9 Hz) 3.42 (dd. 1H. J»5.3. 1 1.9 Hz). 3.7S-3.39 (m, 2H)' 
5.19-5.21 (m. 1H). 5.31 (d, 1H. J=7.6 Hz), 8.20-6.23 (m. 1H), 7.01-7. 16 (ban, 2H. exchangeaole), 7.98 (d. 1H 
J=7.5 Hz); ,3 C (CO,00) 5 38.5. 64.1, 38.0. 38.9. 95.7. U2.8. 157.9, 167.7. 

10 

Example 17 



2S-HYDROXYMETHYL*SR'(CYTQSIN-1 '«YL)«1 .3*OXATHIOLANE 



20 




(XII) 



A solution of (rR.2'S.5'R)wT!enthyi-5R-{c^^ (102 mg, 0.27 

30 mmol) in THF (3 mL) was slowly added to a stirred suspension of lithium aluminum hydride (20 mg, 0.54 mmol) 
in THF (2 mL) at ambient temperature under an argon atmosphere. Stirring waa continued for 30 minutea and 
the reaction was quenched with methanol (5 mL). followed by the addition of silica gel (7 g). The resultant slurry 
was stirred for 30 minutea, transferred to a short column packed with Celtte and silica gel and waa eluted with 
a 1:1:1 mixture of EtOAc-hexane-MeOH (50 mL). The eiuate was concentrated and subjected to silica gel col- 
as umn chromatography (EtOAc-hexane-MeOH, 1:1:1) to provided a gummy solid which waa dried azso tropically 
with toluene to give 50 mg (82%) of a white solid aa the product (a] 0 +125* (a 1.01, MeOH); m.p. 130-132*C; 
'H NMR (G0,OO) 6 3.05 (dd, 1H. J«4.3. 11.9 Hz). 3.42 (dd. 1H. J*5.3, 11.9 Hz), 3.7M.89 (m. 2H). 5.19-5.21 
(m. 1H), 5.31 (d. 1H, J-7.8 Hz), 8.20-6.23 <m. 1 H). 7.01-7.16 (brm. 2H, exchangeable), 7.96 (d. 1H, J«7.5 Hz); 
'K (CO,O0) 5 38.5, 64.1, 66.0, 86.9, 95.7. 142.3, 157.9. 167.7. 

40 

Example 16 



so 




55 To a suspension of 5-rluorocytosine (1 55 mg, 1 2 mmol) in CHiCl, (1 mL) at room temperature undar an 
argon atmosphere waa added, succeaarvely, 2.4.6-co*lidine (0.317 mL. 2.4 mmol) and t-butyldimethylsilyl tri- 
fluoromathane- sulfonate (0.551 mU 2.4 mmol). The resultant mbtttire waa stirred for 15 minutes and a clear 
solution waa obtained. A solution of (VR.2'S.5'R)-menth>i-5^ecato^ (330 
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mq. 1 mmoi) mCH 2 CI : (0.5 mL) was mToduced. followed by iodotnmethylsilane (0,156 mL 1.1 mmoi). Stimng 
was continued for 3 hours. The mixture was diluted with CH 2 a 2 (20 mL) and washed successively with satu- 
rated aqueous NaHSO,. water, bnne and then was concentrated. The residue was taken up m ether-nexanes 
(1:1, 10mL) and saturated aqueous NaHCOj (2 mL) and stirred at room temperature for 15 minutes. The aqu- 

5 eous layer was removed and the organic phase was centnfuged to afford a wnrte solid wmcn was washed with 
hexanes (3x5 mL) and men dried under vacuum. The product (1 'R.2'S,5'R)-menthyl-5R-( 5*. fluorocytoam-i - . 
ylH ,3-oxathioiane-2S-carooxylate (350 rnq, 38%) thus obtained contained about 6% of ( VR.2'S,5'R)-menthyl- 
5S-(5*-fluorocytosin-r-yi)-l ,3-oxathidane-2S-carooxy1ate (NMR). This material was recryatailized from 
MeOH/CH 2 CI*benzene to give a crystalline produce [al 0 2S *22 # (a 0.19, MeOH); m.p. 216-218°C. 'H NMR 

io (COCIj) 5 078 (d. 3H. J» 7Hz). 0.91 (t 6H. J»7.3 Hz). 1.00 (m. 2H), 1.39-2.04 (m. 7H). 3.12 {dd. 1H, J=6.6 Hz. 
6.1 Hz). 3.52 (dd. 1H. J»4.7 Hz. 6.1 Hz). 4.79 (dt 1M, J=4.4 Hz. 4.3 Hz). 5.46 (S. 1 H). 5.75 (bs. 1H. exchange- 
able), 6.42 (5t 1H. J*5.0 Hz). 3.10 (bs, 1H. exchangeable). 3.48 (d, 1H, J=8.6 Hz); 'K NMR (COO r OMSO- 
<U): 5 16.7, 21.2. 22.4, 23.7, 26.6. 31.3, 34.4, 36.6, 40.5. 47.2, 77.1, 79.1, 90.8. 126.3 (d. J=33 Hz). 137.1 (d. 
J»244 Hz), 154,2, 158.3 (d. J«15 Hz), 170.1. 



13 



Example 19 



(VS.2 , R.S'S)-MENTHYL-5S-(S'-FLUOROCYTQSIN^ 



20 



23 




°vv MHj 



A y°v ^ ^A. 



30 To a suspension. of 5-fluorocycoame (1 80.0 mg. 1 .4 mmol) in CH^CIt (1 mi.) at room temperature under an 
argon atmosoher* was added, successively, 2.4,6-collidine (0.46 mL 3.5 mmoi) and t-butyfdinetnylailyl art- 
fluoromethane-suifonate (0.67 mL 2.9 mmoi). The resultant mbrture wma stirred for 15 minute* and a deer sol- 
ution was ootained. A solution of (1'S.2'R.5 / S>-mentftyt-5S-acetoxy-1,3^xa^ioiane-2R-certoxyla^ (414 mg, 
1.25 mmoi) in CH 2 a 2 (0.6 mL) wee introduced, followed by iodotrlrnethyiaiene (0.18 mL 1.27 mmd). The re- 

35 suitant mixture wee stirred for 1 hour. The mature was diluted with CHjGj (20 mL) and weaned succeesrvely 
with saturated aqueous NeHSO* water, and brine. The solvent wee evaporated end the reeidue wee taken up 
in ether-hexanee (1:1. 10 mL) and saturated aqueous NaHCO, (2 mL). Stirring wee continued for 1 5 minute*. 
The aqueous layer wea removed and the organic phase was cantnfuced to give e white solid wtiich wee washed 
with hexane* (3x5 mL) and dried under vacuum. This substance, namely (1'S J^5'S>-menmyi-5S-(5'-fluon> 

40 cytoain- r-yi)- 1 .3^xathiolajie-2R-cart)oxylate (454 mg. 91%) contained about 7% of (1'S,2'R,5 , SVmentnyi- 
5R^5*-lluofoc>toaiiv1- # -y1V1.3-oxaih^^ (ae indicated by its 1 H NMR sepctpum). wea re- 

oystaJltzed from benzene CHxC^-MeOH to give the title compound: [a]o»-20* (a 0.07ZMeOH); nr\p. 220- 
222*C (decompoeed). 'H NMR (COC!*) 5 0.80 (d. 3H. J»7 Hz), 0.90 (t 6H, J»7 Hz). 1.0 (m. 2H). 1.39-2-04 (m. 
7H). 3.12 (dd. 1H, J-6.8 and 6 Hz), 3.52 (dd. 1H. J*5 and 6 Hz). 4.8 (dt 1H. J-4.4 and 4.3 Hz). SM (a, 1H), 

<a 5.78 (be, 1 H. exchangeable). 6.42 (t, 1H. J«5 Hz). 3.1 ( be. 1H exchangeable), 8.5 d. 1 H. J-6.6 Hz); ' *C (COdi) 
5 16.2. 20.7, 21.9. 23.3, 20.2. 31.4, 34.0. 36.3. 40.1. 48.8, 78.7, 78.7, 90.5. 125.9 (<t J-33 Hz), 136.5 (d, J-242 
Hz), 153.7. 158.2 (d, >14 Hz). 169.8. 



so 



55 



31 



EP 0 515 157 A1 

Example 20 

2S*HYDROXYMETHYL-5R-{5 > -PLUOROCYTOSlN-r-YL)-l.3-OXATHIOLANe 



5 



10 




To a suscension of lithium aluminum hydride (10 mg, 0.54 mmol) in THF (1 mL) at ambient temperature 
is under an argon atmosonere was siowly added a-soiution of (VR,2'S.5'R^mentfiy1-5R-(5'-fluorocytoein.r-yi)- 
l,3-oxathioiane-2S-carooxylate (54 mg, 0.135 mmol) in TUP (2 mL). The reaction mixture waa allowed to stir 
for 30 minutes, man quenched with excesa methanol (2 mL). followed by the addition of silica get (3 g). Die 
resultant slurry was subjected to silica gel column chromatography (EtOAc-Hexane-MeOH, 1:1:1) to provide 
a gummy solid which was dned azeotropicaily with toluene to give 20.7 mg (63%) of a white solid as the produce 
20 [a] 0 **114 0 (a 0.12, MeOH); 'H NMR {DMSO-d6) $ 3.14 (dd, 1H. J«4.3. 11.9 Hz), 3.42 (dd. 1H J»5.3. 11.9 
Hz). 3.76 (m.2H). 5.13 (m. 1H). 5.42 (t 1H. J«4.3 Hz). 8.14 (m. 1H). 7,59 (brm, 1H. exchangeable), 7.33 (br 
m, 1H exchangeable), 3.20 (d. 1H, J»7.66 Hz). 

Example 21 

25 

2R'HYDROXYMETHYL-5S-<S^FLUOROCYTOSIN*1'-Yl).1,3.QXATHIOLANE 



30 




35 

To a stirred THF (2 mL) suapenaion of lithium aluminum hydride (22 mg, 1 . 1 3 mmol) at ambient temperature 
under an argon atmosphere waa slowly added a solution of (1*R. 2'S. 5'R>^r^ttiyt-5S^5*-fluc*DC7toaifvl - - 
yiH>oxathiolane-2R<artc#y1ate (91 mg, 0.23 mmoi) m THF (8 mL), The reaction mixture waa allowed to 
stir for 2 hours., and was quenched by addition of methanol (3 mL). followed by silica gei (5 g). The reauitant 
1 40 slurry waa stared for 30 minutee. The mixture waa then passed through a short pad of Cellta and silica gel eluted 
with a 1 : 1 : 1 mixnjra of EtOAc-hexana-Methanoi ( 1 0x5 mL). The eluata waa concentrated and subjected to silica 
gel column chromatography (EtOAc-hexane-methanoi, 1 : 1 : 1 ) to give e gummy solid. This solid waa dried azso 
tropically witfi toluene to give 45 mg (80%) of the deeired produce [afe 3 *^ 1 9» (c 1 .01 . MeOH), ! HNMR (0MSO- 
d6) 5 3.14 (dd. 1H. J«4.3. 1 1.9 Hz), 3.42 (dd, 1 H. J-5.3. 1 1,9 Hz). 3.78 (m, 2H). 118 (ra 1 H), 5.42 (t 1H. J-4.8 
* Hz). 8.14 (m, 1H). 7.59 (brm. 1H. exchangeable). 7.33 (brm. 1H exchangeable). 8.20 (d. 1H J-7.86 Hz). 
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Example 22 



C/S2(N*METHYL-N-VETHOXYAMINOCAR80NYL>-5-(Uf^CIL-1^YU'1>OXArVlCUVNc 



H 



MaO t 



\ 




Trimethylsiiyl tnfluoromethanesulphonate (TMSOTf) (107 >iL 0.552 mmol) was introduced to a stirred sus- 
pension of uracil (31 mg, 0.276 mmol) in dichloromethane (1.5 mL) containing coil id in a (73 nL 0.552 mmol) 
under argon atmosphere. The resultant mixture was stirred for 1 5 minutes to provide a homogeneous solution. 
A solution of torts-2-(N-methy(-N-methoxyaininocarto^ (50 mg t 0.23 mmoO in 

dichloromethane (imL) was introduced, followed by iodotrimethylsilane (TMSI) (33 uL 0.23 mmol). The reac- 
tion was allowed to proceed for 2.5 hours and then was quenched with a solution of saturated NaHCOj and 
Na 2 StO) (1:1). The resulting mixture was stirred for 5 minutes and then waa transferred to a seoaratory funnel 
with, the aid of more dichloromethane. The aqueous phase was removed and the organic l^yer was washed 
with saturated Na^SjOj, water, bnne and then was dried (Na^SO*). Evaporation of the solvent under reduced 
pressure afforded the crude product which was triturated with EtOAc-Hexane (1:1) to give 54 mg (87?'o) of the 
title compound as a white solid: 'H NMR (COCI 3 ): 5 3.U (d of d. 1H ( J»8.0. 11.8 Hz), 3.23 (s, 3H), 3.38 (d of 
d. 1H. J-4.7. 1 1.8 Hz). 3.74 (s. 3H). 5.80 (d, 1H. J«8.2 Hz). 5.82 (a, 1H), 8.44 (d of d, 1H, J-4.7. 8.0 Hz), 8.64 
(d, 1H. J*8.2Hz), 9.64 (brs. 1H). 

Example 23 

C/S- AND rR4rVS-2'8ENZOYU5-AC£TOXY^,3-OXATHIOLANE 



Phenyl glyoxai monorrydrate (808 mg, 4.0 mmol) and 2,5Hjirrydroxy-1.4-drthiane (304 mg, 2.0 mmol) wens 
heated for cat 5 mtnutaa at 65'C until the reagena melted. The reaction mixture was d luted with diehioroma- 
trtane (40 mL). Pyridine* (1 .32 mL 1 6.0 mmol), 4-dimethylamino-oyridine (OMAP) (48 mg), and acetyl cfitonde 
(0.8S mL 12.0 mmol) were added to the stirred solution at 0*C. The reaction mbtturs was stirred at room tem- 
perature for 4.5 hours and diluted with brine solution (15 mL). The organic layer was separatsd. waahed with 
sodium bicarbonate and brine solutions, dried (sodium sulfate), and evaporated to a brown liquid (1 .80 g). The 
residua was punflad by silica gal chromatography eiuting wrtfi haxanaa:£tOAc (3:1) to yield tha trans and as 
isomers (2.4:1 ratio) (714 mg, 71%); 'H NMR (COO,) 5 2.0 (a. 3H). 2.14 (a. 3H), 3.15-3.25 (m, 1H). 3.35-3.45 
(m, 1H). 6.42 (s, 1H). 6.51 (s. 1H). 6.7 (m. 1H), 6.9 (m. 1H), 7.4-7.5 (m, 2H), 7.55-7.65 (m, 1H) ( 7.9-8,0 (m. 
2H). 
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Examcle 24 



C/S-2^r-PYRROUDINQCARBONYL)~5-AC£TOXy»1.3-OXATHlOUVNE 




OAC 



To a solution of 5-ac8toxy-oxatniolane-2<artsojcyltc acid (576 mg, 3.0 mmoO. pyridine (0.533 mL, 6.50 
mmoi), and dichloromethane (20 mL) at G°C, waa added oxaiyt chlohde (0.314 mU 3.8 mmol). The reaction 
was stirred at 0°C for 30 minutes and then cooled to -70°C at wnich time pyrrolidine (0.5 mL. 8.0 mmol) waa 
added in one portion. The reaction waa stirred at room temperature for 2 hours followed by addition of 1N HC1 
(5 mL). The organic layer was separated, waaned with sodium bicarbonate and onne solutions, dried (sodium 
sulfate), and concentrated to yield 0.851 g of crude oroduct This residue was punfied by silica get chromatog- 
raphy ekiting with EtOAchexanea (9:1) to grva 616 mg (84%) of the desired product 'NMR (CDCJ,) 5 1.30- 
2.00 (m. 4H), 2.11 (s. 3H). 3.20-3.35 (m, 2H) t 3.40-3.55 (m, 4H), 5.78 (a, 1H). 6.60 (m. 1H). 

Example 25 

C/S-2-CAR80METHOXY-S-(5 , -8ROMOURACIL-r^YLM.3-OXATHIOLANE 



3^(rmetfiy1siryi.ecetamide (4 mL 16.2 mmoi) was added to a suspension of 5-brornoijracd (1.S g. 7.9 
mmoO in dlchioromathane (10 mL). Tha reaction was stirred for 30 minutae. yielding a dear solution. Then s 
dicnloromatfiana solution (5 mL) of 2<srtometnoxy-5-acatoxy-l ,3~oxathiolana (1 .0 g, 7.8 mmoi cirfirwie 1 :2) 
waa added, followad by TMSI (1.1 mL 7.7 mmoi). 

Trie reaction waa sttrad at ambient temperature for 1 8 hours and then sequentially treatad with saturated 
aqueous solutions of Na AO, and NaHCOj to give a white suspension. The suspension was fUtarad to ramova 
the solid (unreactad base). The filtrate was concentrated and trtturatad with EtOAo-Hex (1 :1 ) to give white solid 
which was filtered, washed end drlad to grva 0.98 g (38%) of the product 'H NMR (COCW 8 3.2 (dd. 1H. J-7 
and 12 Hz). 3.47 (dd. 1K J*8 and 12 Hz). 3.87 (a, i H). 5.50 (s. 1H). 6.42 (dd, 1H, J«8 and 7 Hz). 8.72 (s, 1H) f 
9.19 (brs, 1H). 
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Example 26 

C/S-2-HYDRQXYMETHYL-S-(6^CHLOROURAClL-1'-YUSl.3-OXATHIOUVNE 



5 



10 




is TMSOTf (4.5 mL 27.3 mmoi) was added to a suspension of bis-O-sdyl-8-chlorouraciJ {9.5 g, 32.6 mmol) 

and 2-carBethoxy-5-acetoxyoxathiolane (6.3 g, 27.4 mmoi) in 1,2-dichloroethane (40 mL). The resulting clear 
solution was heated slowly uo to 60°C and kept at this temperature for 1 hour, during which bme a thick pre- 
cipitate appeared. The reaction was cooled down to ambient temperature and the white precipitate was col- 
lected after filtration, washed and dried to give 3.5 g (42%) of the only as nucleoside ester product ('H NMR). 

20 To a tetrahydrofuran (THR (50 mi.) suspension of nucleoside ester product (2.6 g, 8.5 mmol), under argon at- 
mosphere, waa slowly added LiBH 4 (0.4 g, 13.6 mmoi). The reaction was stirred for 5 hours, then quenched 
with, methanol. The solvent was removed, followed by subjecting the resulting gummy material to column chro- 
matography (2:2; 1 , EtOAc-Hex-MeOH, v/v) to yield 1 .9 g (85%) of the title nucleoside. The overall yield of these 
two transformations was 64%; HPLC purity (96%); mp 202-204°C; 1 H NMR (DMSO-d«) 5 3.09-3.30 (1H). 3.38- 

25 3.47 (1H). 3.60-3.72 (2H). 4.45 (1H), 5.05-5.09 <1H). 5.27 (1H), 5.59-5.62 (1H). 6.71-6.76 (1H); ,3 C NMR 
(DMSO-d«) 5 32.6. 63.2. 64.2, 34.7. 87.9. 94.4. 106.6. 128.8. 164.4. 

Example 27 

20 (1'S.2 , R.S , S)-MENTKyL-5S-^ 



35 



40 




To a stirred suspension of N-4-acetytcytosine (68 mg, 0.4 mmoi) in dichtoromethane (0.5 mL) containing 
2.4,6-ooilidine (106 \iU 0.8 mmoi) under an argon atmosphere was added trtmethytslyi lrtftuoromethan*-sui- 

46 phonate (155 ui* 0.8 mmoi). The resulting mixture was stirred for 15 minute* to give a homogeneous solution. 
The substrata. (1'S,2'R,5'S)-memfty1-5S-acetco^ (110 mg # 0.333 mmoi) was 

introduced into (tie above solution in one batch. In a separata flask equiped w*h a condenser, a solution of 
hexamethytdlaiexane (34 ul. 0.167 mmoi) and iodine (42 mg, 0.167 mmoi) In dicftJoiomethane (0.5 mL) was 
refluxed under argon atmosphere for 30 minutes. After it had cooled to room temperature, trie purple solution 

so formed was transferred, via a syringe, into the mixture containing the substrata and tir/tated base. 

The re action mixture was kept at room temperature for 7 hours and then waa quenched with e solution of 
a 1: 1 mixture of saturated NsHCO, and Na^O,. The resulting mixture waa stirred for 5 minutes and then was 
transferred to a separator/ funnel with the aid of more dichloromethane. The equeoua phaae waa removed and 
the organic layer waa washed with saturated Na^O* water, brine and then was dried (Na*S0 4 ). The solvent 

J5 was removed under reduced pressure to provide 1 53 mg of crude product To determine the ratio of the 6> 
[(1*S.2'R.5'S)-mafnhyW5SKr^^ and frart»((l'S.2'R.S , SH 

rrH9nmyi.5R-{N^-*acetycyto^ product isomers, the crude product 

was suojected to 'H NMR analysis m COG* Judging from (he signale of the C8 protons of the cytoaine moiety, 
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me ratio of as [5 3.70 (d. J 3 7.6 Hz)] to trans (5 7.79 (d. J*7.5 Hz)] was determined to be 7:1. 
Example 28 

5 C/S- 2-CARBOXYL-»(URACIL-l'-YL)-l,3-QXATHIOtANE 



H 



10 




lodommethylsilane (1 1 3 uL. 0.332 mmoi) was added to a stirred susoension of bis- trtmethylsilyt uracil (122 
mg, 0.475 mmo*) and trans- 2-carooxyi-5-acetoxy-1 ,3-oxathioiane (76 mg, 0.396 mmoi) in dichioromemane (2.5 
mL) containing collidine i53 uL 0.396 mmoi). The resultant mixture was stirred for 1 8 hours at room temperature 

20 under argon atmosphere and men was quenched by me addition of 5 mL of a 0.5 M solution of sodium car- 
bonate. The aqueous phase was acidified with 1 M HQ solution to pH 4, followed by extraction with tetrahy- 
drofuran (3x6 mL). The combined extract was dried over MgSO* and me solvent wee removed under reduced 
pressure. The crude product obtained was triturated with dichioromemane to provide a white suspension. The 
wmte solid was isolated by centrifugation and waa dried under vacuum to afford 27 mg of the desired product 

23 whose *H NMR spectrum indicated the presence of a small amount of uracil (ca. 10%) and an isomeric purity 
of 295%. The tide compound displayed the following spectrai characteristics: 'H NMR (OMSO d«) 6 : 2.26 (d 
of d. 1M. J«4.9. 12.3 Hz), 3.49 (d of d. 1H. J*5.2, 12.4 Hz), 5.57 (a. 1H), 5.71 (d of d. 1H. J»2.2. 8.0 Hz; mie 
signal collapsed to a douolet on treatment with O t O (J»8.2 Hz)), 6.29 (L 1H, J-5.2 Hz), 8.07 (d. 1H. J»8.2 Hz), 
11.41 (br s. 1H. exchanged with 0 2 O ). 

Example 29 

C/S2-(r-PyRROUDINOCARSONYL)-5-<URACIL-V-YL)-1.3-OXATHIOLANE 

05 



40 




46 lodotrtmetttylsilane (37 uL. 1 equivalent) waa added to a stirred soiutton of as 2M1'-pvrroiW!nocar*ony)- 
5-acetoxy-1,3-oxathioiane (64 mg, 0.26 mmoi) and ^mrnemylsiryturadl (80 mg, 1.2 equivalents) in dtehioro- 
methane (1.5 mL) under argon atmosphere. The reaction mixture waa kept for 1 hour and 20 minutee at room 
temperature. The reaction was quenched with a solution of a 1:1 mixture of saturated NejS^ and NaHCO, 
(2 mL). followed by dilution with dichloromethane (4 mL). The reauitant mixture waa stirred for 5 minutee and 

so men waa transferred to a separator/ tonnei with me aid of more dtahloiomethana. The aqueous phaae waa 
removed and me organic phase was washed with water, brine, and dried over anhydroua NajSO* Remove* 
of me solvent under reduced pressure and subjection of me crude product thus obtained to column chroma- 
tography (7% MeOH-EtOAc) afforded me 74 mg (95%) of the trte compound; 'H NMR (COOJ: 5 1.85-2.00 
(m. 2H), 2.00-2.15 (m.2H). 3.25-3.70 (m, 6H). 5.61 (s. 1H). 5.80 (d of d. 1H. J«2.3. 6\2 Hz). 8.44 (d of d. 1H. 

55 j-4.8. 7,0 Hz). 8.29 (br s. 1H), 8.88 (d, 1M, J«8.1 Hz). 
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Example 30 

C/S2-aeNZOYL-S-(URAClL-r-YU-1.3-OXATHIOLANE 



10 




1$ Trimethyisilyl tnfluoromethaneaulphonate (92 uL. 0.475 mmoi) was introduced to a stirred suspension of 

uracil (50 mg, 0.238 mmol) in dichtoromemane (1.5 mu) containing cortidine (63 nL. 0.475 rnmoi) under argon 
atmosphere. The resultant mature was stirred for 15 mtnutea to provide a homogeneous solution. A mtxure 
(2.4:1, trans: c:s) of 2*oenzoyt-5-acetoxy-i,3-oxathioiane (50 mg, 0.198 mmol) waa added aa a solution in dh 
cniorometnane (1.5 mL), followed by lodotrimethylsilane (28 uL 0.198 mmol). The reaction waa allowed to pro- 

20 ceed for 22 hours and then waa quenched with a solution of a 1 :1 mixture of saturated NaHCO, and Na^SjOv 
The resulting mixture was stirred for 5 minutes and then waa transferred to a separatory funnel with the aid of 
more dichloromethane. The aqueous phase was removed and the organic layer waa washed with saturated 
Na^O* water, brine and then waa dried (Na^SO*). Thin layer chromatography anaiysis of the crude product 
indicated that smajl amount of the starting material remain unreached. The crude product waa oriturated with 

25 EtOAc to provide 26 mg (43%) of the title compound aa a white solid; 'H NMR (OMSO): 5 3.19 (d of d. 1H. d 
ofd. J=6.8. 12.1 Hz). 3.60 (d of d. 1H. J«5.1, 12.2 Hz), 5.77 (d. 1H. J»8.2 Hz), 8.38 (d of d, 1H, J»5.2, 6.9 Hz), 
6.31 (s. 1H). 7.52-7.64 (m. 2H), 7.66-7.76 (m, 1H), 7.94-8.04 (m, 2H). 8.22 (d, 1H, >8.1 Hz). 11.44 (brs. 1H). 

Example 31 

30 

(VR.2'S.5'R)-MENTrm.-5S-<OT 



3$ 



40 




A 12:1 mixture of (1'R.2'S,5'R)-menthy1 5S-(r^'-acety^cytoain-r.yl>-oxathiolan«» 2R-oxathiolane car- 
boxyiate (c* iaomar) and (1'R.2'S.5'R>-menmyi 5R-<N^ # -a<^cytoairvr-ylH^^ 

45 carPoxylate (tons isomer) (47 mg.0.11 mmol) waa diaaorved in dicrtioromethane (0.S mL) and 2-propanol (1 
mL). TrifluoroacetJc acid (0.2 mL) waa added to tfiia solution and the resultant mixture waa heated at 80*C for 
2 hours and then waa kept at room temperature for 14.5 hours. The reaction mixture waa dluted with dichloro- 
methane and washed with saturated NaHCO, solution, water, brine, and than waa dried (anhydroua NajSOJ. 
The solvent waa removed under reduced pressure and the product obtained was dried under vacuum to afford 

so 40 mg (96%) of die tide compounds. The 'H NMR spectrum of the abova matartaJ suggested a purity of 2 97%. 
Saaed on me signals derived from me C8 hydrogen of the cytoeina moiety present in both of me isomers, ma 
12:1 ratio of me as ((5 8.38 (d. J*7.3 Hz)] and dans ((6 7.48 (d, J»7.3 Hz)J nudeoaidea waa maintained. Tha 
maior compound waa obtained by fractional crystallization with methanol and displayed physical properties 
kjemicai to thosa reported in this example. 
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Example 32 

(1'S.2'R.5'S)-MSNTHYl*SS-(Na»-AC£TYLCYTO 
5 - 



10 




i$ (VS.2'R.5'S)-menthyi 5R-acetox>-i.3-oxathiolane-2R-carboxyiate (55 mg, 0.166 rnmoi) in dichlorome- 

thane (0.5 mL) and todotnmethytsilane (0.026 mL 0.166 mmoi) were added to monosilylated N-4-acetylcyto 
sine (59 mg, 0.198 mmo*), generated by refluxing N-4-acetytcytoaine in 1.1,1,3.3,3-hexamethyi-disilazane 
(HMOS) overnight in the oreaence of cataiytic amount of ammonium sulfate and subsequently removing HMOS, 
in aichioromethane (0.5 mL) under argon atmosphere at room temperature. The stirring wee continued for 19 

20 hours and thin layer chromatography snowed almost complete consumption of the starting oxathioiane. The 
reaction mixture was diluted with dichloromethane. washed with saturated aqueous sodium bicaroonate. aqu- 
eous sodium chioauifate and brine, dried over sodium sulfate, concentrated and dried to afford 70 mg (100%) 
of crude products. 'H NMR suggested cixtnns ratio at 15:1 and the presence of ca. 4.6% of unreacted oxa> 
thiolane. 'H NMR (COO,): 0.78 (d.3H). 0.30-2.10 (m. 15H), 2.27 (a, 3H), 3.12-3.30 (m, 1H) 3.52*3.78 (m. 1H), 

25 4.78 (m.1H). 5.51 (s. 0896H). 5.60 (a. 0.046H). 5.32 (s, 0.058H). 5 6.42 (t 0.896H). 6.63 (dd. 0.046 H). 6.68 
(d. 0.058H). 7.47 (d. 0.954H). 777 (d. 0.058H), 3.70 (d, 0.896H). The major compound waa isolated by crys- 
tallization from methanol or trituration with ethytacetate-ether mixtures. 



Example 33 

30 

{ VS.2'R,S'SVMSNTHYL-5S^r^'-ACETYLCYTOSIN»1 *-YLH >OXATHIOLANE-2R-CAR80XYUATE 




2,6-4utidIne (0.023 mL 0.199 mmo*) and trimethylsilyl trrfluoromethaneauiforiate (0.038 mmo*. 0.199 mmoi) 
were added to N-4-aeetytcytoeine (30.5 mg, 0.199 mmoi) in dichloromethane [02 my at room temperature 

4a under argon atmosphere. The mixture was stirred tor 20 minutes and a solution of (1*S J* R.3'S)-menthy1-5S- 
ac«tojry-l .3-ojuthk^ane-2R-csitoxyiate (55 mg. 0.166 mmo*) in dJctitoromethane (0.3 mg and todotrimethy*- 
silane (0.026 mU 0.166 mmoi) were introduced succeaerveiy. The stirring wee continue* far 2.5 hour and thin 
layer chromatography showed complete consumption of the starting oxathioiane. Thm reaction mixture waa di- 
luted with dichloromethane. washed with stunted aqueous sodium bicaroonate. aqueous sodium thtoeuifate 

so and brme. dried over sodium sulfate, concentrate and dried to afford 70 mg (100%) of crude products. 1 H NMR 
suggested cis:tnns ratio at 10:1 and no other impunty detectable by the specttum. 1 H NMR (COCU: 0.78 (d. 
3H). 0.80-2.10 (m, 15H). 2.27 (s. 3H). 3.16 (dd. 0.91H), 3.25 <d, 0.08H). 3.63 (dd, 0.91H), 3.74 (dd. 0.09H). 
4.78 (m. 1H). 5.51 (s. 0.91H). 5.82 (a, 0.09H); * 6.42 (t 0.91H). 6.66 (d. 0.09H) t 7.47 (d, 1H), 7.77 (d. 0.09H), 
8.70 (d. 0.91H). 
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Example 34 

C/S- AND TRANS- ISOPROPYL S-ACETOXY-1.3-OXATHIOUVNE-2-CARBOXYUTE 



5 




A solution of d$- and trans S-acetoxy-1 .3-oxathioiane •2-carboxylic acid (260 mg, 1.3528 mmol) and ^so 
propano* {0.1 1 mL. 1 .3528 mmol) in dichiorometnane (4 mL) at 0°C was treated with dicydohexytcarGoiimide 
(DCC) (279 mg, 1.3528 mmol) in dichloromethane ( 1 mL) and 4 dimethyl am inopyhdine (DMAP) (14 mg, 0.135 
mmol). The mixture was stirred at room temperature overnight then diluted with ether and filtered through a 
15 C elite* pad. The filtrate was concentrated and the residue waa chromatographed on silica gel with ethyl acet* 
ate-nexane to give the products aa a cdoriess oi (263 mg, 33%). 'H NMR (COaj: 6 1-26 (6H, d); 2.10. 2.11 
(3H. s); 3.13-3.46 (2H. m); 5,05 (1H, m); 5.60. 5.61 (1H. s); 6.63 (0.54H, m); 6.73 (0.46H, d). 

Example 35 

C/S-ISOPROPVL-5^CYTOSIN-1^YL)-1.3-OXATHIOLANE-2*CARBOXYLATH 



23 



30 




2.4,6-coilidine (0.23 mL 1.74 mmol) and t-butyl-dimethylsilyl tnfluoromethaneeuifonate (0.4 mL 1.74 
mmol) were added to a suspension of cytosine (96.7 mg, 0.87 mmol) in dichkMomethane (0.6 mL) at room tem- 
perature under argon atmosphere. Hie mixture was stirred for 25 minute* and a solution of arfrina (1.2:1) 

36 iaopropyf 5-acetoxy-1,3^athkxane-2-carboxvlate (168 mg, 0.717 mmd) in dfchkxomethane (0.6 mL) and a 
solution of iodoanmethytailane (0.114 mL 0.786 mmol) were introduced su ccee sr veJy. Stintng wee continued 
for one hour and the miction mbcture waa diluted with dichloromethane, wmahed with saturated aqueous sodium 
thioaulfate, water and brine, dried over sodium sulfate and concentrated. The reeidue wee firttu rated with ether- 
hexane ( 1 : 1 . 7 mL) end saturated aqueous sodium bicarbonate (1 .5 mL). The aqueous layer was removed and 

40 the remaining mixture wae centrtfuged. 

The solid waa washed twice with hexanee and the washings were combined with cantrtfugate. washed with 
IN HCJ. water and brine, dried and concentrated to give the unreacted starting material in virtually pure form 
(64 mg, 38%. ar.tn»ns"1 :9). Tha white soiid waa dried and gave the products aa a ctefrane mixture in 12:1 
ratio (122.8 mg. 60%). 'H NMR (COdJ: 6 1.30 ft 6H). 3.1 1 <dd. 1H), 3.52 (dd, 1H) ( 5.11 (m, 1H). 5.45 (a, 1H) t 

46 5.82 (d, 1 H), 6.47 (dd. 0.92H), 6.72 (m. 0.08H), 7.49 (d, 0.08H), 8.32 (d, 0.92H). 

Example 36 

C/S- AND TRANS* T-8UTYI 5-ACETOXY-1>OXATV!IOUVNE-2'CARflOXYlATE 

so 



55 




A solution of era- and trans- 5-acetoxy-l.>oxathioiane -2-cartioxylie add (178 mg, 0.915 mmd) and t-bu- 
tand (0.095 mL 0.915 mmd) in dichiorometnane <4 mL) a: 0°C waa treated with OCC (207 mg, 1 mmol) in 



39 
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dichloromethane (1 ml) and OMAP (1 1 mg, 0.09 mmo!). The mixture was stirred at room temoerature overnight 
men diluted with ether and filtered through a Cefiter® pad. The filtrate was concentrated and me residue was 
chromatographed on silica get with ethyl acetate- Hex ane to give the produca as a colorless oil (1 75 mg 77%) 
<H NMR (COOj): & 1.46 (9H. d); 2.07. 2.09 (3H. s); 3.10-3.44 (2H. m); 5.50, 5.52 (1H, s): 6.50 (0.42H m)- S 74 
5 (0.53H, d). 

Ejtamole 37 

C/S-T.aUTYL.5-/CYTQSIN.l^YL)-1.3-OXATHIOLANE-2-CARBOXYLATH 

10 



13 




20 2,4.6-collidine (0.137 mU 1.4 mmol) and t-butyl-dimethylsiiyl tnfluofomethanesuJfonate (0.325 mL 1.4 

mmoi) were added to a suspension of cytoaine (73.6 mg, 0.7 mmoi) in dichioro-methane (0.6 mL) at room tem- 
perature under argon atmosphere. The mixture was stirred for 25 minutes and a mixture of cis and trans (1:1.4) 
t-butyi 5-acetoxy-l.>oxathioUne-2-carooxyiate (U6.5 mg, 0.59 mmoi) in dichloromethane (0.6 mL) and iodo* 
trimethytsilane (0.092 mL 0.65 mmoi) were introduced successively. Stirring waa continued for one nour and 

25 the reaction mixture waa diluted with dichloromethane, washed with saturated aqueous sodium thioauJfate, we> 
ter and brine, dried over sodium sulfate and concentrated. The reatdue waa triturated with ether-hexanea (1:1, 
7 mL) and saturated aqueous sodium bicarbonate (1.5 mL). The aqueous layer waa removed and the remaining 
mixture waa centnfuged. The solid waa washed twice with hexanee and the washings were combined with the 
centnfugate. washed with 1 N HO. water and brine, dried and concentrated to give the unreacted starting me> 

30 tehai in virtually pure form (77 mg, 52.6%. cjis:tra/w*i : 11 ). The white solid waa dried and gave the products as 
a as:UTsns mixture in 16:1 ratio (62.6 mg f 46.4%). 'H NMR (COO)): 6 1.50, 1.52 (a, 9H). 3.12 (dd. 0.94H). 3.20 
(dd. 0.06H). 3.52 (dd. 0.94H), 3.72 (dd, 0.06H). 5.37 (s, 0.94H), 5.75 (a, 0.Q6H), 5.32 (d, 1H), 6.44 (dd, 0.94H). 
6.71 (d. 0.06H), 7.49 (d. 0.06H), 3.38 (d. 0.98H). 

35 Example 38 

C/S- AND THANS.2-N,^OIgTWLWlNO^ 




A solution of as- and (refta-5-ecetoxy- 1 .3-oxathioiene -2-carooxylic acid (1 19 mg, 0.62 mmoi) and dlethy- 
lamine (0.07 mC 0.68 mmoi) in dicWoromethane (2 mL) at 0°C wee treated with OCC (140 mg, 0.88 mmoi) in 
dichloromethane (1 mL) and OMAP (7.6 mg, 0.06 mmoi). The mixture wea stirred at room temperature over- 
so night man diluted with ethar and filtered through a CeliteS pad. The filtrate was concentrated and the reeidue 
waa chromatographed on slice gai with ethyl acetate-nexane to give the products aa a coiorlees oil (34.5 mo;, 
55%). 1 H NMR (COO)): 6 1.10, 1.40 (6H, t); 2.07, 2. 1 0 <3H. s); 3.1 5-3.58 (6H. m); 5.30, 5.87 (1 H. s); 6.58 (0.53H, 
m); 6.33 (0.47M. d). 
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Example 39 

C/S-2-N,N-OlETHYLAMINO(^R30NYL-5-(CYTOSlN-1'-YL)-l.3-OXATHIOLANE 

5 



TO 




2.4.6-coilidine (0.108 mL. 0.82 mmol) and t-butyl-dimethylsilyl trifiuoromethanesulfonate (0.188 mL. Q.82 
is mmol) ware added to a suspension of cytoaine (45.5 mg, 0.41 mmoi) in dichloromethane (0.4 mL) at room tem- 
perature under argon atmosphere. The mixture was stirred for 25 minute* and a mixture of as and trans ( 1 . 1 2: 1 ) 
2-N.N-diethyiamindocartony1-5-acetoxy-l,3-oxatMoiane (84 mg, 0.34 mmoO in dichloromethane (0.4 mL) and 
a solution of iodotrmethyisilane (0.053 mL 0.375 mmoi) were introduced successively. Stirring was continued 
for one hour and the reaction mature was diluted with dichloromethane. washed with saturated aqueous sodium 
20 tfiiosuifate. water and bnne, dried over sodium sulfate and concentrated. The residue was triturated with ether- 
hexane (1:1,7 mL) and saturated aqueous sodium bicarbonate (1 .5 mL). The aqueous layer was removed and 
ft e remaining mixture was centnfuged. The solid was washed twice with hexanes and the washings were com- 
bined with centnfugate. washed with IN HCI. water and brine, dried and concentrated to give the unreacted 
starting material in virtually pure form (17 mg, 20%. fans only). The white solid was dried to give the produca 
25 as a cis-.trnns mixture in 24:1 ratio (47.5 mg, 47.5%). 'H NMR (DMSO-4*): 8 1.04 (t 3H, J»7 Hz), 1.12 (t 3H, 
J=7 Hz), 3.17 (dd, 1H. J*5 Hz, 9 Hz). 3.30 (m. 4H). 3.53 (dd. 1H, J»5 Hz, 9 Hz), 5.74 (d, 1H, J-7 Hz). 5.96 (a. 
1H). 6.28 (t, 0.96H, J=5 Hz), 6.62 (m, 0.04H), 7.16 (b.s.. NH). 7,22 (b.s., NH), 7.60 (d, 0.04H), 8.46 (d. 0.96H, 
J»7 Hz). 

30 Example 40 

(rS.raS'SVMENTHYL-I.S-OXATHIOUVNE^R'CARBOXYUTE 



05 



40 




To a mixture of (VS^'rXS'Shmemhy-SR-acetoxy-l.S^xathiola^^R^a^xyala (2.01 g, 8.08 mmci) 
46 and trtethylsilane (9.87 mL. 80.05 mmoi) at room temperature undar argon atmosphere war added thmethyiariyt 
trrftuoromethaneauifonate (1.17 mL. 6.04 mmol). The reaction mixture was stared at room temperature for 12 
hour*, than diiutad with dichloromethane, washed with saturated aqueoua solution of sodium bicarbonate, dried 
over anhydroua sodium sulfate, and evaporated to dryneae in vacuo to afford crude product Subsequent chro- 
matography on silica gei using hexane-ethyl acetate aa eluate gave the product aa cotourleaa oil (1 .33 g, 80.5%) 
M <H NMR (COaj:« 0.75-2.10 (m, 15H), 2.97-3.20 (m. 2H), 4.2O4.40 (m, 2H), 4.72 (dt 1H). 5.46 (a, 1H) 
(<x] 0 >104»(c1.16 f CHO,). 
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Example 41 

(VS.2'R.5 , S)-MENTHYL-4R-HYDROXy-1.3-OXA7HIOLANE»2R-CARBOXYl>Tg ANO (1S.2'R.5 St-MEN- 
THYI-4S-HYDR0XY- 1 .3-OXATHIOLANE-2R-C ARBOXYLATE 




A mixture of (VS 2'R.5'S)-menthy(.l.3-oxathiolan».2R-cart)0)tyiata (0.500 g. 1.84 mmoi) and benzoyloer- 
oxide (0 489 g. 97%. 1 .96 mmo.) in 20 mi. benzene waa heated to reflux for 8 hours. The organic solvent waa 
n^ved in vacuo and ma rea.dua waa diluted w<h dichloromethane. wuhed wrtft saturated a^sso^oon 
oT^dium bicartonate. dried ov ar anhydrous sodium sulfate, and evaoorat* to dryneaa ,n «™»<^«» 
oYntoat. product. Subsequent chromatography by using naxana-adiyi acetate aa eiuata gav. *e oanzoata 
(0 21 g. 30.3%)!™. mixtura of *a banzoat. (0.200 g. 0.531 mmoi) and potasaium caroonat. (0.073 
0 S32 mmoi) in THF-MeOH-HjO (4 mU5 mU2 mU waa stirrad at 0-C for 7 hours and orgamc solvent waa 
ran^ad^cuo. Tha r,„du. waa di.utad with H ; 0 (7 mL). extract* 

HCI. and extracted w,th dichloromathana. Tha dichlcromathana layar waa dried over sodium sulfate and evapc- 
rated to dryness in vacuo to afford crude product Subsequent chrcmatograph, > uain< l*™"*""*"* 
gave tha 7roduct aa a solid (87 mg. 43.7%) <H NMR (C0CI,):5 0.75-2.10 (m. 15H). 4.03^.83 (m. 2M). 5.52- 
5.75 (m. 2H). 

Example 42 

M 'S.yRySVMENTHYL^R-CMLORO-1 ^OXATHIO^NE^ R-CARBOXYl>TE AND <rS.aYR,yS)-MEN- 
THYL-4S*CHLORO-V3-OXATHIOLANE-2R*CARBOXYLATE 




"o^Tlt^ZT.23^3) in dichloromethane (5 mL) at room www. ^^^f^T^ 
,l^^mvilnie (57 99 mL. 0 418 mmoi). The reaction mature waa stirred at room temperature for 2 houra 

anhydrous sodium suifate. and operated to clrynwe-nvacyo ^ 3 TuT^ 
tograpny by uaing hexane after aa eiuent gav. me product aa " /I""""™ <" ' "* ^ ™£* 

SzCp^clt C4. -H NMR CDC):5 0.75-2.05 (mj 5H). 4 53 (m H) ^69 (m. 1H). 5.73 (m. 1H). 5.80 
(m. 1H); 5 0.75-2.10 (m. 15H). 4.33 (m. 1H). 4.78 (m. 1H). 5.58 (a. 1H). 5.88 (m. 1H). 
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Example 43 

CIS 2'CARBOETHOXY-4-ACST0XY- 1 . 3-QIOXOUVNE 




A 2.5:1 mixture of cis and £ran$-2-<arboethoxy-4-acety|.l,3-dioxolane (406 mg, 2.16 mmoi). 85% meta- 
chiorooeroenzoic acid (mCPSA) (63 mg, 3.31 mmoi) and sodium carbonate (389 mg, 3.67 mmoi) in dry dicnloro- 
methane (10 mL) was stirred under argon for 1 6 hours at room temperature. The resultant suspension was dt- 

is luted with dicniorometnane and water and stirred for 10 minutes. The aqueous phase was removed and the 
organic pnase was washed successively wrth saturated sodium th ©sulfate, water, brine and then was dried 
over annydrous magnesium sulfate. The solvent was removed under reduced pressure and the crude product 
thus ootained was subjected to flash column chromatography (30% EtOAc-Hexanes) to give the title compound 
(11% yield) which displayed the following spectral characteristics; 1 H NMR (C0C1*):6 1.31 (t 3H. J=7 2 Hz), 

20 2.07 (s. 1H). 4.15 (d of d. 1H, J»4.5. 9.1 Hz). 4.21-4.29 (m. 3H) f 5.42 (S, 1H). 6.39 (d of d. 1H. J=2.4. 4.5 Hz); 
,J C NMR (C0CI,):5 14.05, 20.97, 29.69, 71.34, 94.04, 99.80. 167.19. 170.11. 

Example 44 

23 TRANS 2-CARB0ETH0XY-4-ACET0XY- 1 , 3.QIQXOUVNE 




A 2.5:1 mixture of ess and £rine-2*carDoethoxy-4- acetyl- 1,3-dtoxolan# (406 mg, 2.16 mmoi), 85% mCPBA 
x (63 mg, 3.81 mmoi) and sodium carbonate (389 mg, 3.87 mmoi) in dry dcWoromethane (10 mi.) was stirred 
under argon for 1 8 hours at room temperature. The resultant suspension was diluted with dlchJororne thane and 
water and stirred for 10 minutee. The aqueous phase was removed and the organic phase was washed sue* 
cessiveiy with saturated sodium thioeulfste. water, brine and then wae dried over anhydrous magneeium sul- 
fate. The solvent wae removed under reduced pressure and the crude product thus obtained wae subjected to 
[*o flash column chromatography (30% EtOAo Hex ansa) to give the title compound (49% yield) which diepiayed 
the following spectral characteristics; 1 H NMR (C0C1,):6 1.29 (t 3H, J-7.2 Hz), 2.09 <s, 1H) ( 4.12 (d of d, 1H, 
J*0.9. 9,1 Hz), 4.19-4.31 (m, 3H), 5.53 (s, 1H), 6.48 (d of d, 1H, J-0.9, 3.9 Hz). 

Example 45 

4$ 

CIS AND TRANS 2^ARBOET^XY-4<mYMIN-V*Y\.)-1,3-OIOXOLANE 



50 



55 




To a stirred suspension of thymine (44.5 mg, 0.353 mmoi) in dlchloromethane(1 mL) containing 2.8-Jutidine 
(82 \lL, 0.706 mmoi) under an argon avnoaphere was added trimetftylsiiyl tnfluorometfianeeulphonate (136 nL. 
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0.706 mmoi). The resulting mixture wee stirred for 15 minutes to give a homogeneous solution. A solution of 
the substrate, etfiyl 4-ecetoxy- 1 ,3-dioxolane-2-carboxylate (60 mg. 0.294 mmol) in dichloromethane ( 1 mt) and 
iodotrtmethylailane (42 uL 0.294 mmol) wis sequentiaJly introduced into tne above solution. The reaction mix- 
ture was stirred at room temperature for 5 hours and then was quenched with a naif- saturated solution of 

5 Na^StOj (2 ml), followed by dilution with dichloromethane (S ml). The resulting mixture was stirred for 5 min- 
utes and then was transferred to a separatory funnel with the aid of more dichlorometriane. The aqueous phase 
was removed and the organic layer was wasned witri saturated Na^O), water, 1 M HCI, bnne and then was 
dried (NaySO*). The solvent was removed under reduced pressure to provide the crude product This matenaJ 
was suspended in dichloromemane {- 1.5 ml) and then was triturated with a 1:1 mixture of EtOAc-Hexane 

io (-6 ml) to give 25 mg of trie as nucleoside as a white solid; 1 H NMR (DMSO d«}:5 1.23(1 3H, J«7.1 Hz). 1.78 
(d. 3H. J«1 Hz), 4.15-4,30 (m, 4H), 4.38 (d of d. 1H. J»2.3. 9.8 Hz), 5.33 (a. 1H). 6.33 (d of d. 1H. J-2.3. 5.8 
Hz), 7,52 (d. 1H. J»1.1, Hz), 1 1.42 (br s. 1H). The triturate was concentrated and subjected to column chro- 
matography (70% EtOAc-Hexane) to afford 26 mg of the two nucleoside aa a 1:1 mixture; 'H NMR (COCl 3 J;5 
1.33 (1 1.5H, J»7.2 Hz). 1.35 (t 1.5H. J-7.2 Hz). 1.91-1.99 (two overlapping d, 3H), 4.16 (d of d, 0.5H, J-1.9, 

13 9.7 Hz), 4.20-4,38 (m. 3H). 4.53 (d of d. 0.5H. J»5.8. 9.7 Hz), 5.30 (s. 0.5H), 5.72 (s, 0.5H), 8.44 (d of d. 0.5H. 
J«3.3. 5.4 Hz). 6.60 (d of d. 0.5H. >2.0. 5.3 Hz), 7.10 (d. 0.5H. J«1 .3 Hz), 7.75 (d, 0.5H. J»1.3 Hz), 9.40 (br 
s. 0.5H), 9.43 (br s. 0.5H). 

Example 46 

20 

CIS AND TRANS 2-CAHBOETHOXY^N^'-ACETyiCYTOSIr4-1 # -Yl)-1,3-OIOXOUVNg 



25 
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I. H NHAe 



To a stirred suspension of N-acaeylcytoaine (66 mg, 0.430 mmol) in dry CH^ (1.5 mt) under an argon 
atmoaphere was added, successively, 2,6-Jutidine (100 uL 0.859 mmoi) and trlmetftysiyl trtfluoromathaneaul- 
phonate (166 \xL 0.859 mmoi). The reauitant mixture was stirred for 25 minutes to produce a homogeneous 
solution. A solution of a 4:1 mixture of ca and ^ns-2-<^rboatr«xy^acetDxy-1 .3^1ioxolan# (73 mg, 0.358 
mmol) in CH : a, (1 mt) was then introduced, followed by iodotrimettyttlane (51 uL. 0.358 mmoO. The reaction 
waa allowed to proceed ftir 16 hours and men was quenched with saturated sodium thtoeurfata. The resulting 
mixture waa diluted wttn CH^a, and waa waahed successive*/ with saturated sodium mtoeurfets, water, brine, 
and then waa dried over anhyydroua magnesium sulfate. Remove* of trie solvent under reduced preaaure gave 
the crude product which waa purified by tlaah column chromatography (2% MeCH-EtGAc) to afford 44% of trie 
trtie comoounda aa a 3:1 mixture of trie as end trans isomers: <H NMR (COCU):6 1.34 (t 3H, J-7.0 Hz), 2.28 
(s. 0.7SH), 2J9 (a. 0.25H). 4.21-4.35 <m, 3H). 4.36 (d of d, 0.75 H. J«6 2. 9.9 Hz), 4.59 (d Of d, 0.25H, J-5.Z 
9.9 Hz). 5.39 (a, 0.75H), 5.77 (a, 0.25H), 6.24 (d of d, 0.75H. J-2.8, 5.1 Hz). 6.39 (d of d, 0.25H, J-1.7, 5.1 
Hz). 7.49 (2 overlapping doublets. 1H). 7.79 (d, 0.25H, J»7.6 Hz), 8.40 (d, 0.75M. >7.8 Hz). 9.95 (br s, 1H). 

Example 47 

(±)-C/SANO 7H4NS-5-ACETOXY»1>OXATHIOUuNE«2'CARflQXYUC ACID 

O OCOCHj <J 

H0 ^ 

s 



O OCOCH, O ^ 



f/an>5.hydroxy-i.3^xa*iotane-2<artoxyiic acid (250 g, 1.67 moJ) wee added, in portions, to a stirred 
solution of acetic anhydride (0.625 U 6.62 mo*) and metnaneeui phonic acid (5 mC 77 mmol) at room tamper- 
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ature. The resultant clear solution was stirred at room temperature for 60 minutes, slowly added to stirred aqu- 
eous 0.03 M sodium bicarbonate solution (2.5L) and then the mixture was stirred for a further 60 minutes So- 
dium chloride (750 g, 1 2.83 mol) was added and trie mixture was stirred for a funher 30 minutes. cJarrf ed and 
men extracted with isopropyl acetate (1 x 1.25 L, 3 x 0.625 L). The combined extracts were concen?ated to 
1.25 L under reduced pressure. Xylene (2.5 U) was added and trie mixture reconcentrated to 1.25 L under re- 
duced pressure. The xylene additwn/reconcentration procedure was repeated and me resultant suspension 
was cooled to room temperature and stirred for 13 hours. The solid was collected by vacuum filtration, washed 
with xylene (2 x 0.25 L) and dried, in vecuo. at 40-45' to give the title compound (265 g. 33%) which was shown, 
by comparison of 1 H NMR spectra, to be a 65:35 mixture of me compounds of Examples 3 and 4. 

Example 46 

SR-ACE70XY-1.3-OXATHIOLANE-2R-CARBOXYUC ACIO. SALT WITH lS,2R*ci«(1-AMIN0gTHYUB£N- 
ZENEMETHANOL (1:1) 



a) A solution of 1S.2R-a-(1-aminoethy1)-benzenemethanol (125.9 g, 0.83 moi) in ieopropyl acetate (0.5L) 
was added to a stirred solution of (t) c*»-/trana-5-acetoxy- 1 ,3-oxathkJlane-2-carboxytlc acid (Example 47; 
400 g, 2.08 mol). in isopropyl acetate (4.2 L). at room temperature under a ndrogen atmosphere. The re- 
sultant solution wee stirred for 10 minutes, seeded witti authentic product (0.4 g) and stirred for a further 
4 hours at room temperature. The suspension was stirred at 1 5-18* for 17 hours and the solid wee collected 
by vacuum ffitration. washed with isopropyl acetate ( 1 x. 0.4 L 1 x 0.2 L) and dried, in vacuo, at 45" to give 
the title compound (205.9 g # 28%). [a] 0 +34* (MeOH). mp 151-2* (decomp), ^DMSO-O,) 0.91 (d. 3H t J«6.8 
Hz), 2.05 <s. 3H). 3.04 (d. 1H. J»1 1 Hz), 3.32 (dd, 1H. J«4.2 Hz), 3.40 (dq, 1M. J««.8, 2.4 Hz). 4.97 (d, 1H, 
J=2.4 Hz), 5.34 (s, 1H), ca, 8.4 (br, 1H), 7.2-7.4 (m. 5H). ca. 3.3 (br, 3H). 

b) A solution of 1 S,2R-a-( 1-emihoetriyO-benzenemethenol ( 1 77 mg, 1.17 mmol) in isopropyi acetate (1 mi.) 
was added to a stirred solution of (±)tra/u-5-acetoxy-l .3^xathio4ane-2<arDQxytic add (500 mg, 2.80 
mmol). in isopropyl acetate (8 mL) at 25*30*. and further isopropyl acetate (0.5 ml) was added. Crystalli- 
sation comme nc ed after 5 minute*. The suspension was stirred at 25-30* for 18 hours and then the solid 
waa collected by vacuum nidation, washed with isopropyl acetata (1 ml) and dried, in vacuo, at 40* to grve 
the QtJe compound (353 mg, 40%), ae shown by comparison of its 'H NMR spectrum wrth met of part (a). 

Example 49 

(■)-TRAN8-S»ACETOXY-1,3-QXATHIOlANE'2'CARBOXYUC ACIO- 



hoa.^/n^ococh, 



(•) 



5 M-Aqueoua hydrochloric ectd (126 mL. 0.63 mol) wes added to e stared suspension of the compound of 
Example 48 ( 1 80 q. 0 .52 mol) in saturated aqueous sodium chloride (41 4 mL) at room temperature. T>e mature 
wee stirred at room temperature for 30 minutes, coded to 1 0" and stirred at this temperature for a further 30 



45 
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minutes. The solid was collected by vacuum filtration, wasned with chilled water (2 x 90 mL) and dned 
at 33° to give the title compound (81.3 g. 31%). 

Example 50 

5 

(1'R.2'S.5'R)-MENTHVl-5R ACETOXY-l.3-OXATHIOLANE-2R>CARBOXYlATE 



10 



1$ 




a) A solution of oxalyt chlonde (66.5 g, 0.52 mot) in dichloromethane (120 mL) wet added over 30 minutes 
20 to a stirred cold (-5') mixture of N.N-dimethytformamide (32 mL) and dichloromethane (240 mL), and trie 

suspension formed was stirred at -5 to 0° for 30 minutes. The compound of Example 49 (80 g, 0.42 moi) 
was added in portions and the resultant yellow solution was stirred at 0* for 45 minutes. This solution was 
added over 60 minutes to a stirred, cold (-5*) solution of (1R.2S.5RM-)-™«htnoi (65,2 g. 0.425 mo*) in d^ 
chloromethane (200 mL) and pyridine (S4mL l.04mol) and the resultant suspension was stirred at 0-5* 
23 for a further 2 hours. 

The reaction mixture was washed with 2 M- aqueous hydrochloric acid (1 x 240 mL 1 x 160 mL) and tna 
combined aqueous acidic washes were back extracted with dichloromethsne (160 mL). The organic phases 
were combined, clarified, and concentrated in vacuo to c.a. 240 mL. 2.2,4-trtrnethytpentane (400 mL) was added 
and the solution concentrated, in vacuo, to 240 mL. Crystal! isstion of the product occurred during the distillation. 
30 Further 2.2.4-mmethyipentane (400 mL) was added and the mixture concentrated to as. 700 mL The stirred 
suspension was then cooled to 5* and aged for 60 minutes. The solid was collected by vacuum filtration; washed 
with 2.2.4-&rimethylpentana (2 x 30 mL) and dried, in vacuo, at 33* to give the litis compound (93.2 g, 88%) as 
shown by comparison of the 1 H NMR spectrum with that of Example 3. 

b) Oxaiyt chloride (102 g, 0.80 moi) was added over 20 minutes to s stirred, cold (»10*) mixture of N.N- 
is dimemyiformemide (63 mL) and dichloromethane (340 mL) and the suspension formed was stirred at -1 0* 

to -6° for 15 minutes. The compound of Example 3 (140 g, 0.728 moi) was added and the resultant pale 
yellow solution waa stirred at -3* for 20 minutes. (lR.2S.5RH->Memhol (126 g, 0.30 moi) was sddsd fol- 
lowed by pyridine (140 mL 1.73 moi), sdded over 50 minutaa. The suspension formed waa stirred at «9* 
for 1 8 hours and then 1 M aqueous hydrochloric acid (280 mL) was sdded. The separated tqueoue add 
i <o phase waa extracted with dichloromethane ( 140 mL) snd the combined organic phases were washed with 
1 M aqueous hydrochloric add (280 mL). The aqueous phaae waa bade axTsctad with dichioromethana 
(140 mL) and the combined organic phases were washed with s solution containing sodium hydrogen car- 
bonate (5.8 g) and sodium chtonde (28 g) in watsr (266 mL). The aqueous phase waa back extracted with 
dichloromethane (140 mL) and the combined organic phaaaa went ctantled and concentrated to 560 mL 
48 by dictation at atmosphenc pressure. 2.14-Thmethylpsntane (700 mL) waa addad snd the solution waa 
concentrated, in vacuo, to 700 mL The 2^.4- trims thylpentana eddftionvteconcemiation procedure waa re- 
peated, and the resultant solution waa cooled to 1 7° (seeded with authentic product (0.7 g) at 34* and 23*). 
The suapenaion waa stirred at 17* for 2 hours and the solid waa collected by vacuum fixation, washed 
with 2,Z4-drtrnemy1pentane (2 x 70 mL) and dried, in vacuo, at 43* to give the title compound (332 g, 14%) 
so as shown by compsnaon of the 1 H NMR spectrum with that of Example 8). 

While wa have presented a number of embodiments of our invention, many alternatives, modifteationa and 
variations of these embodiments will be apparent to those of ordinary sfcil in the art Therefore, it will be ap- 
preciated that the scope of this invention ie to be defined by tha following daime, rather than the specific ex- 
amples presented above. 

sa 
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Claims 




wherein 



W is S. S»0. SO* or 0; 
X ia S. S-O, SO,, or O; 
R, is hydrogen or acyl; and 

R 2 is a desired purine or pyrimidine base or an analogue or derivative thereof the process compris- 
ing the step of glycosylating ma deaired purine or pyrimidine base or analogue or derivative thereof with 
an intermadiata of formula (11a) or (lib) 



R«, R« and Rr are independently selected from the group consisting of hydrogen; Ci_» aJkyl option- 
airy substituted by fluoro, bromo, cnloro, iodo. C,_« aikoxy or C*^ arytoxy; Cr,» aralkyt optionaty subsb- 
tuted by halogen, C,^» alkyt or Ci_» aikoxy; C^g aryt optionally subeimjted by fluoro, bromo, chJoro, lodo, 
Ci-» aikyl or Ci.» aikoxy; trWkylsdyl; fluoro; bromo; chloro and lodo; and 

R« la selected from me group consisting of fluoro; bromo; chloro; lodo; C*^ sulphonsts eaters, op- 
tionally substituted by fluoro, bromo. chloro or iodo; C u » aikyl eaters optionally aubatituted by fluoro, bro- 
mo. ctttoro or iodo; poryvsiertt haiidee; tnsubstituted stlyl groups of ma general tamtia (R«XRe)(Rr)SI 
(wherein R* and R r are as defined above); saturated or unsaturated aefenenyt Cm **; tubadtuted 
or unsubatttuted C«_« aryisurfanyl; substituted or unaubstituted aJcoxyefcyl; and trtalkylaloxy. 

1 The process according to daim 1, farmer comprising me step of reducing R$of me gtyooaylated purine 
or pyrimidine baae or analogue or derivative tfterof to produce me optically active cia-nudeoaide or nu- 
cleoside anaiogue or derivative of formula (I). 

X The procaaa according to daim 1 , farmer comprlaing me step of producing ma Intermediate of (Ila) or (lib) 
by chemically resolving said intermediate from a mixture of (Ila) and (lib) using a cf*H auxiliary. 




wherein 

Rj is a substituted carbonyt or carbonyt derivative; and 
L s a leaving group, 
using a Lewis acid of me formula (III) 




(III) 



wherein 
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The process according to daim 1. where m trie intermediate is the compound of formula (lla). 
The proceaa according to claim 1, wherein the intermediate is the compound of formula (lib). 
The process according to daim 1. wherein the intermediate is selected from the group consisting of 



O * Cf 



A diaatereoselective procesa for producing opticaJiy active cssj-nudeoside and nucleoside analogues and 
derivatives of formula (I) 



wherein 

W is S. S»0, SO,, or 0; 
X is S. S*0. SO* or 0: 
R, is hydrogen or acyl; and 

R 2 ia a das red purine or pyrimidine base or an analogue or derivative thereof trie process compris- 
ing me step of gn/cosytating me desired purine or pyrimidine base or analogue or dsrtvattve thereof with 
a single ensnoomer of s compound of formula (II) 



-Of 



(ID 



Ri is s substituted carbonyl or carbonyl dertvatNe; and 
l is a leaving group, 
using s Lswts acid of ths formuia (III) 



R, - Si - R_ (Ill) 
*7 



wherein 
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R«, R« and Rr are independently selected from the group consisting of hydrogen; C,_ a alkyi option- 
ally substituted by rtuoro. bromo, chloro. iodo, C,^ alkoxy or C^ 20 aryioxy; Cr.» araikyi ootionally substi- 
tuted by halogen. <:,_» aikyl or d.» aikoxy; aryi optionally substituted by rtuoro, bromo, chloro. <odo. 
Ci.a alkyi or C,. a alkoxy: friaikytsilyi; rtuoro; bromo; chloro and iodo; and 

R4 is selected from the group consisting of rtuoro; bromo; chloro; iodo; sulphonate esters, op- 
tionally substituted by rtuoro. bromo, chloro or iodo; Ci. ffl aikyt esters optionally substituted by rtuoro. bro- 
mo. cnloro or iodo; polyvalent haiides; trisubstituted silyl grouos of the general formula (Rs){R«)(R r )Si 
(wneretn R* R* and R T are as defined above); saturated or unsaturated seieneny* C«_ a aryt; substituted 
or unsubstituted C«. 2 o arytsuifenyl; substituted or unsuoaatuted aikoxyeikyi; and tnaJkyisiloxy. 

8. The orocesa according to daim 7. farther comprising the step of reducing R 3 of the glycosylated purine 
or pyrimidine oase or analogue or derivative therof to produce the optically active cis-nudeoside or nu- 
cleoside analogue or derivative of formula (I). 

9. The process according to daim 7, further comprising the step of resolving the compound of formula (II) 
into a single enantiomer using a chirai auxiliary before glycosylating the desired purine or pyrimidine oase. 

10. The process according to any one of claims 1 to 9, wherein W is 0 and X is S. 
20 11. The process according to daim 10. wherein R 2 is a pyrimidine base-. 

12. . The process according to daim 1 1 , wherein the pyrimidine base is cytosine or 5-fluorocytosine. 

13. The process according to any one of daims 1 to 9. wherein the Lewie acid is selected from the group corv 
25 sisting of trim ethyl siiyl inflate and iodotrimethylaiisne. 

14. The orocess according to daim 3 or 9, wherein the chirai auxiliary is selected from the group consisting 
of chirai alconois and chirai amines. 



10 



15 



30 



15. The process according to daim 14, wherein trie chirai auxiliary is selected from the group consisting of 
(d)-menthol, (l)-memhoi, (+)-norephedrine and (-^norephedrine. 

16. The process according to any one of daims 1 to 9, wherein Rj is selected from the group consisting of 
aikoxycaruonyis. carboxyis, diethylcartoxamide. pyrrolidine amide, methyl ketone and phenyl ketone. 

3S 1 7. The process according to daim 1 6, wherein the R 3 is selected from the group consisting of alkoxycarbonyls 
and carooxyis. 

1 8. The process according to daim 7 or 8, further comprising the step of producing the compound of formula 
(II) by chemoseiectiveiy reducing the compound of formula (IV) 

40 

Ri~~S T (IV) 



and converting the resulting hydroxy! group to leaving group L 

19. The process according to daim 13. further comprising the step of reacting the compound of formula (IV) 
with a chirai auxiliary before it ia chemoseiectiveiy reduced. 

20. A diastereoselective process for producing optically active cja-oxathiolane and analogues end derivatives 
of formula (la) 
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10 



20 



30 



~ ' ^ da) 




wnerein 

Ri is hydrogen or acyi; and 

R 2 is a desired purine or pyrimidine base or an analogue or derivative thereof compnsing the step 
of glycosylating the desired punne or pyrimidine base or analogue or derivative thereof with a single en- 
antjomer of a resolved ester derived from the compound of formula (IX) 



° 

rOCH. 



/ ^S 1 * 

HOjC-w^ 7 (IX) 



using a Lewis acid of ma formula (III) 



R 3 * Si - Rg (HI) 



wherein 

R«, R« and R 7 are independently selected from the group consisting of hydrogen; C,-» aikyt option- 
ally substituted by fluoro, bromo, chloro, iodo. alkoxy or C*^ aryloxy Cr-» andkyl optionally substi- 
tuted by halogen. d_a «Alcyt or C t _ a alkoxy; aryt optionally substituted by ffuoro, bromo, chloro, iodo, 
C,. a aikyl or Ci. a aikoxy; trtaikylailyl; ftuoro; bromo; chloro and iodo; and 

R« ia*sei acted from the group consisting of fluoro; bromo; chloro; iodo; Ci-» stiphonate esters, op- 
tionally substituted by fluoro, bromo, chloro or iodo; Ci. a aikyl esters optionally substituted by fluoro, bro- 
mo. chloro or iodo; polyvalent haildes; trisubatituted siiyi groups of the genera* formula (R«)(Rt)(R7)SI 
(wherein R* R* and R r are ae defined above); saturated or unsaturated seienenyi aryt; substituted 
or unsubstituted C^a aryleulfenyl; substituted or unsubetituted C^o aflcoxyafcyl; and trtatkylsiioxy. 



21. Tha process according to claim 20, further comprising the step of reducing the glycoeyteted purine or pyr- 
imidine beee or analogue or derivative thereof to produce the optically active ciSHaxamioiane or analogue 
or derivative of formula (la). 

22. The proceea according to daim 20. further comprising the step of producing the single enantiomer of the 
eater derived from formula (IX) uaing a chin, auxiiary. 

23. The procesa according to daim 22. wherein the chrU auxiliary la selected from the group consisting of 
(dWnenthd and (l)-menthd. 

24. The procesa according to daim 20. wherein R 2 is a pyrimidine baaa. 

21 The process according to daim 24, wherein me pyrimidine base is cytoeina or S-flucrocytoeine. 
2ft. An intermediate of formula (II) 
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s 




(II) 

wherein 

10 W is S. S*0. S0 7 , or a. 

X is S. S=0. SO* or O; 

R 3 is a substituted cartoonyl or carbonyl derivative; and 
L is a leaving group. 

fJ 27. An intermediate of formula (ila) 



20 




(Ila) 



25 



30 



wherein 

W is S. S»0. SO* or 0; 
X is S. S»0. SO* or 0; 

is a substituted carbonyl or carbonyl derivative; and 
L is a leaving group. 

28. An intermediate of formula (lib) 



(lib) 



45 



SO 



wherein 

Wis 3. S»0. SOj,orO; 
XisS. S-O, SO*orO; 

ia a substituted cartony* or carbonyi derivative; and 
L is a leaving group. 

2f. An intermadiati according to claim 26 selected from me group consisting of 



wherein 

W is S. S«0, SO* or 0; 
X is S, S«0. SO,, or 0; 

R 1 is a substituted carbonyi or cartonyt derivative; and 
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L is a leaving group. 
30. An intermediate of formula (VI) 



10 



(VI) 



wherein 

W is S. S»0, SO* or 0; 
X is S. S*0. SO* or 0; 
15 Rj is a substituted cartonyt or carbonyl derivative; 

is a cntral auxiliary; and 
I is a leaving group. 

31* An intermediate of formula (Via) 

20 



(Via) 



23 



wherein 

W is S. S»0. SO* or 0; 
XisS, S*0, SQ*orO; 
M R) is a substituted carbonyl or carbonyl derivative; 

R4 is a crtirai auxiliary; and 
Lisa leaving group. 

32. An intermediate of formula (Vlb) 

35 



40 



y 



(Vlb) 



wherein 

WleS,S-0,S0 2 ,orO; 
XiaS,S*0, SO*orO; 
45 R, ia a subatftutad carbonyl or carbonyl derivative; 

R« ia a chireJ auxiliary; and 
L is a leaving group. 

33- An intermadiata according to daim 30 selected from tfte group coneiating of 

50 
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wherein 

W is S. S=0. SO,, or 0; 
X is S. S«0. SO,, or 0; 

R, is a substituted carbonyl or carbonyl derivative; 
R4 is a cfiirai auxiliary; and 
L is a leaving group. 

34. An intermediate of formula (VII) 




(VII) 



wherein 

W is S, SO, SO*, or 0; 
X is S, S*0, SO,, or 0; 

R 2 is a purine or pyrimidine base or an analogue or derivative thereof: 
R s is a substituted carbonyl or carbonyl derivative; and 

R4 is a cftirai auxiliary. 

35. An intermediate of formula (XIII) 




(XIII) 



WiaS, S-O. SOj,orO; 
X • S. S-O. SO* or O; 

Rj ia a eubetftuted carbonyl or carbonyl derivative; and 
R4 ia a cfiirai auxiliary. 

35. An intermediate according to any one of daima 30 to 35 wfterein R* ta selected from me group conaietlng 
of (d)-menmd and (l}-menthoi. 

37. An intermediate of formula (XIV) 




(XIV) 



S3 
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wherein 

W is S. S-O. S0 2 . or 0; 
X is S. S«0. SOj, or 0; 

Rj is a substituted caroonyi or carbonyl derivative. 

38. An intermediate selected from the group consisting of 

tr3n3-5'hydroxyoxatftioiane-2-cart)oxylic acid; 

( i R.2'S.5'R)-menmy1-i .3-oxathioian-5-one-2S-carDoxyate; 

(VR.2'S.5 / R)-mentfiyl-l ( 3-oxathioian-5-one-2R-carDoxylate; 

(VR.2'S.5'R)-menmyl-5S-hydroxy-l.3HDxamioiane-2S-carooxyta»; 

(1'R.2'S.5'R)-menmy<-5R-hydroxy-1.3-oxatfiiolane-2R-carDoxylate; 

(l'R ( 2'S.5'R)-mentftyt-5S-hydroxy-i.3-oxamiolane-2R-carboxytate; 

{1'R.2'S:5'R)-mentfiyt-5R-hydroxy.1.3-oxatfiwtane-2S-carboxylat»; 

(VR.2'S.5'R)-mentfiy1-5S-acetoxy-l>oxamtoiane-2S-carooxylat»; 

(VR.2'S.5 f R)-mentny<-5R-acatoxy-l.3-oxamiolane-2R<artoxylate; 

(i'R.2'S.5 , R)-mentfty<-5S-acetoxy-1,3^xamiolane-2R<artoxylat»); 

(VR.2'S.5 , R)-mentfiy1-5R-ac«toxv-l.^xamwlane-2S-carooxytat»; 

(VS,2'R, 5' S)-menthyt-5R-acatoxy- 1 . 3-oxam iolane-2S-carDoxyfat»; . 

( 1 ' S .2'R. S'SJ-mentnyMS-acetDxy- 1 , 3-oxath wlane-2R-carooxylat»; 

(VS.2'R.5 / S)-menmy<-5R-aceeoxy-l.3^xamiolane-2R<arDOxylat»; 

( 1 ' S .2'R.5'S)-mentfiyt-5S-acetoxy- 1 1 S-oxath iolane-2S-caruoxytate; 

(VR.2'S.5'R)-mentny1-5S-<CYtoain-r-^^ 

(VS^'R.S'SJ-mentriyi-S^cytoain.r-ytJ-l Jnjxsthiolane-2R-carooxytate; 

(1'R.2'S.5'R)-menmyt-5R-<C7toain-r-yl)-1^^ 
' ( 1 ' S .2'R. 5' S)-rrtentriy1-5R«(cytoein- 1 "-yi)- 1 ,3H3xatniotan#-2S-carboxytate; 

( 1 ' R.2'S. 5'R)-mentfiyt-5R-(5"-fluorocytoain- 1 *-yl y 1 ,3^atnioiejie-2S-cartGxylate; 

( 1 'S.2'R.5'S)-mentfiyt-5S(5' , -rtuofocyt03in-l # -y1)-1 ,3-oxamio*«n«-2R<artoxyiat»; 

(1'S.2'R.5'S)-ment*y<-5S<l^*-ac*^ 

(VR^'S.S'RJ-mentfiyt-SS-^oain-r-ylH^^ 

(VS.2'R,5'S)-menmy1-5S-<rM*-ac«f^c^sin-r^^^ 

( 1 'S.2'R.5'S)-mentftyl-l , 3-oxatfi ioUne- 2 R-carboxylats; 

(VS.2'R.5'S)-menmyMR-r^droxY-i,3^x^^ 
hydroxy- 1 . 3-oxatfiiolane-2R-cartoxylata; 

(VS.2'R.5 ; SVn^nmy1^R-chloro-l ( ^xatfitoJane-2R*cart>orylM and (VS.2 f R.5'S)-m«nthyMS- 
chloro-1 ,3-oxamio*ane-2R-caroojrylate; 

c«-2(N-methyt-Nwn#thoxy«jTiinocart ,3-cxathioiane; 

cis* and 6r«n>2*b«nzoy^^ac«toxy-1.3-oxathio<ane; 

1 '.pyrro(idinoc«rtoony>-5-acetoxy.l ,3-oxathioiane: 

cis^2<artometfw^-5K5'.trofliouracil- r-yl)- 1 . 3-oxamiolane; 

cif-2-c«rtoxy*-5^uracil-1 '-y*>- 1 ,3-oxatfi ioiane; 

cis-2-{ 1 Seym! MlnocartonyO-5^uriC4i- v-yl>-l. 3-oxstnidane; 

cis 2*b«nzoy^uj«ci-V-y1)-1.3-oxatriiotan«; 

«*• and Ansfl>isopropy* 5-acetoxy-1.3^at^idan«-2<artoxyata); 

c*SHaopropy4-5^cytoe4n-1'-y1)-1 ,3-oxathio<ane-2-carDOjry1at»; 

cis- and frens-fc- butyl 5-acatojcy.i,3HDxatfiioian«-2<artoxylat»; 

c^-buty*-3^cytoajrv1^ylH.3H^ 

c«- and ^>2-N,NHjlethyiamidocan>onyi. 5-ecatDxy-1,3-oxatfiioian«; 
c^2-N t ^ietr^amidocaroony<.5-{cvtos4n.l '-yl)-l .3 -oxatnioianc 
cas* and 6w>2-cartotftoxy-4-acatoxy-i ,3-dtoxolane); 
cts- and fr*/?>2-<»rt>o«tfiOjry^(m^ and 
c*s- and fl*ft>2<artooe*oxy^(N-4^acetyl^ 

39. A process for producing an intermedia* of formula (lis) or formula (lib) comprising the step of reserving 
s mixture of (Ma) or (lib) using s cnirai auxiliary: 
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10 40. A metftod of preparing a compound of formula 

20 comprising the step of reserving a mixture of trie two compounds by means of a criiral auxiliary. 

41 A method of preparing a compound of formula 



25 




comprising me step erf resolving a mixture of the two compounds by meane of a crtiraJ auxiliary. 

35 
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